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Preface

This document was prepared by the Information Services Division, Infi)rmation Systems Directorate, NASA Johnson

Space Center, in response to the mtmy requests for information on Soviet/Russian spaceflight received by the Scientific
r and Technical Information Center in the division's Information Management Branch. Wc hope this documen'_will be

* helpful to anyone interested in Soviet/Russian spaceflight. In particular, we hope it will provide new insights to persons
working on the Shuttlc-Mir missions and International Space Station Alpha.

As a look at the sources listed at the end of each part will show, this work is based primarily on Russian sources, usually
in English translation. Unfortunately, these sources often conflict. In this work preference is given to sources which
contain abundant details, verifiable or otherwise; ate corroborated in whole or in part by at least one other Russian

. source; and are the product of persons or organizations that can be expected to have intimate knowledge of the hardware

: : and events described.
,.'-'L"

This is an exciting time to study Soviet/Russian spaceflight. New light is thrown regularly on mysteries decades old.
But there has not yet been time to tell all the old secrets. Because of this, new revelations still occur frequently. Most of
this work will likely remain an accurate account; however, specific interpretations and details will as likely prove

'*' inaccurate as new information is revealed. So it is with any book on Soviet/Russian spaceflight written in this time of
transition.

Some readers may note what they perceive to be an undue emphasis on Soviet/Russian mission and hardware anomalies.
_ This is partly a result of the document's focus, which is, after all, on Soviet/Russian hardware history. (The reader will

note that, where appropriate, U.S. anomalies are mentioned as well.) In addition, in the Soviet era, anomalies were often
the chief (or only) way new information about secret hardware emerged. All countries have had their share of problems
on the space frontier. Mention of anomalies in this document should not be construed as criticism of hardware or
management in any country.

This document is an updated and corrected edition of document JSC 26770 (October 1994). New material updates the t
.... Soyuz-TM, Progress-M, Mir Career, and Comparative Chronology sections to November 15, 1994. Sundry corrections

and additions have been made at the suggestion of readers of the JSC edition or on the basis of information unavailable
when the JSC edition was written. Readers should also note the addition of an index. /
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Introduction

The purpose of this document is to describe concisely what is known in the West about the heritage of the major hard-
ware elements associated with the Mir space station complex. These are

• The Mir base block, launched in 1986

• The modules added to the base block in 1987, 1989, and 1990

• The Soyuz-TM crew transports and Progress-M supply ships, which first appeared in 1986 and 1989, respectively.

This work is divided into four parts. Part 1, "Soyuz," examines the Soyuz spacecraft and its derivatives, including those
-_ used in the abandoned manned lunar landing program. Pan 2, "Almaz, Salyut, and Mir," looks at the Aimaz and Long-

Duration Orbital Station (Russians acronym DOS) space stations. The major portion of Part 2 is devoted to the three
DOS muitiport stations, Salyut 6, Salyut 7, and Mir. Part 3, covering the "Space Station Modules," describes their
surprisingly convoluted heritage_with particular attention given to the Mir modules Kvaat, Kvant 2, and K.,istall.

•: Part 4 is a chronology comparing U.S. and Soviet/Russian manned spaceflight developments in context. It begins with
:.. the first manned spaceflight, but attempts completeness only from 1970 to its conclusion (November 1994).

All times and dates are in Universal time (UT) unless otherwise stated. The sources for times and dates were the
Satellite Situation Report, NASA Goddard Space Flight Center, Vol. 34, No. 1, Match 31, 1994; TRW Space Log 1957-

- 1991, TRW, 1992; TRWSpace Log 1992, TRW, 1993; TRWSpace Log 1993, TRW, 1994; Jonathan McDowell, Harvard-
' " Smithsonian-Center for Astrophysics.
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Soyuz Programs

196( 1965 1970 1975 1980 1965 19g0 1995 2000

I
LunarProgram

i.,1

-, Soyuz
A-B-C

: Salyut1- Soyuz Soruz-T Soyuz-TM
• . Ferry

Progress ProgressSiber upgraded Progress-M lfor Mir

I
.l l

2 HArn'w_r_ tOSpsco J
Infusion to Station
Salyut/DOS Modules
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Part i Soyuz

Part I carries the eouipment for the ,'ally. The ship _ equipment allows
thermo-regulation system, the system for the craft to be piloted.., quite

Soyuz of unified electric power suppl); the independently of ground control.
equipment jor long-range radio
communications and radio telemeto,

r: 1.1 General Description andinstrumentsfor the systemof 1.2 Historical O_vet'v_iew_orientation and control. The non-

The following description of Soyuz pressurized part of the service Figure I- I is a Soyuz family tree
module contains the liquid-fuel depicting the evolutionary relation-is excerpted from an article in the

Soviet newspaper Pravda (Novem- propulsion installation [system] ships described in this section.
'' ber !7, 1968).' It describes the which is used for maneuvering in

• Original Soyuz, the earliest flown orbit and.., for.., descent back to 1.2.1 First Prospectus forEarth. The installation has two
version of Soyuz, yet fits the current Circumlunar Travel (1962)
Soyuz derivative, the Soyuz-TM, in engines (the main one and the spare
most particulars, one). The ship has a system of low-

thrust engines for orientation. On March 10, 1962, Sergei P.

_ The Soyuz consists of the following Korolev, Chief Designer of thei:

.... main modules: the orbital module... The pick-ups [sensors]for the Soviet space program and head of

a descent capsule [descent module], orientation system are located Special Design Bureau-1 (Russian .
intended for putting crews into orbit outside the service module. Mounted acronym OKB-1), ancestor of

'" and returning them to Earth; and the on... the service module are the today's RKK Energia (until recently, _!
. service module, which houses the.., solar batteries [arrays]. To ensure NPO Energia), approved a prospec- j;

engines, that the solar batteries are constantly tus titled, "Complex for the Assem-
: illuminated, they are oriented bly of Space Vehicles in Artificial

:_ The orbital module is in the fore part towards the Sun by rotating the ship. Satellite Orbit (the Soyuz)." The
:,' of the ship and is connected with the prospectus described the LI, a three- _I

The... spaceship is equipped with man spacecraft broadly resembling_ descent capsule. The service module
an automatic docking system. The Soyuz as built. It had four modules, f'_is placed behind the descent capsule.

on-board systems of the ship may be In order from fore to aft, these were
When the ship is being placed into controlled either by the cosmonaut an attitude control module, a living

" orbit, it is protected against aerody- from r_ control panel, or automati- module, a reentry/command module, ,/
' _ namic and !he_r, al uverloads Oy a

nose faring, which is jettisoned after I I
the passage through the dense layers

_:', of the atmosphere.

"_: The cosmonaut's cabin [descent
. module].., is covered on the outside

: by a... heat.resistant covering to ii
protect it from intensive aerodynamic _:_

• : heating during descent to Earth.

After the vehicle has been slowed _(
: down by the atmosphere in its

descent from orbit, the braking
parachute opens.., then the main
parachute which is used for landing
opens. Directly before landing--

at a height of about ! meter above Figure1-2, L1 Soyuzmannedcircumlunarconcept(1962).
the Earth--the solid.fuel braking Shouldnotbe confusedwiththe L1 (Zond)spacecraft(figure1-9).
engines of the soft-landing system The coneat the front(right)ofthe L1 Soyuz is an attitudecontrol
are switched on. module; behind it are cylindricalorbitalanddescentmodules,and

a frustum-shapedservicemodule. The roundappendage(right)
is a solararray,and the dish,a high-gainantenna.At the rearof

[In the] service module.., a the L1 are threeboostermodules.
hermetically.sealed.., container
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and a service module. In orbit the propulsion unit. Soyuz-C was an
L! was to bejoined tail-on to the top unmanned tanker for fueling the

_ of a stack of propulsion modules to propulsion module in orbit. Only
, create a circumlunar ship (figure i. Soyuz-A was to be manned.

_[ 2). The LI and each of the propul-
J' sion modules were to be launched The Soyuz complex (figure I-5)

separately on Vostok launch vehicles required five or six launches of the
(figure i-3). Vostok launch vehicle to carry out a

n circumlunar mission. The Soyuz.B

The same prospectusdescribed a booster,with an attached rendezvous, manned spacecraft called Siber (or propulsion unit, was launched first.
:-= I" Sever) ("north"). This was a three- Up to four Soyuz-C tankers were

._ person vehicle meant to deliver then launched to fuel the booster.
crews to a space station. 2 Soyuz-A, with three cosmonauts

aboard, then docked nose-to-nose
with the booster. The Soyuz-B

1.2.2 Second Frospectus for rendezvous propulsion unit was
_ Circumlunar Travel (1963) discarded, and the booster fired tom

push Soyuz-A around the Moon on a

- On May 10, 1963, Korolev approved free-rel3a'ntrajectory.
_ a second prospectus, "Assembly of

Vehicles in Earth Satellite Orbit." In Th_ 3oyuz A-B-C complex had a' this prospectus, the "Soyuz tom- total mass of about 18,000 kg. The
• plex" consisted of spacecraft Soyuz-A manned spacecraft ac-

" designated A, B, and C. Soyuz-A counted for 5800 kg of that mass
" (figure I-4) corresponded to the LI (Soyuz-TM masses about 7070 kg).

, _" vehicle of the 1962 prospectus. Total length of the complex was
- Soyuz-B was an unmanned propul- about 15 m. The Soyuz-A was 7.7 m ,_
_ sion module launched dry with a long (compared to 6.98 m for Soyuz-

,i _ detachable fueled rendezvous TM). 3"4

_r /
i

,, 0 ]

:. Figure1-3. Vostokrocket.
This isa two-and-a-half-stage
derivativeof the one-and-a-
half-stagerocketwhich
launchedSputnik1 (1957).

' " Itsoriginalancestorwas the
SS-6 "Sapwood"ICBM. It "
sewed as the basisforthe

: Soyuzlauncher(figure1-7), In
• servicetoday. Weightof

payloadlaunchedto 200-kin, Figure1-4. Soyuz-AmannedepaeeGraftconcept(1963). It was
51° circularorbitIs4730 kg. to have beenpartof the SoyuzA-B-Ccircumlunarcomplex.
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Part I Soyuz

, The Soviet lunar effort thus became

:" a two-pronged enterprise. Both
: prongs depended heavily on the

" 1 i Original Soyuz spacecraft, it was
patterned after the Soyuz-A compo-

: nent of the 1963 prospectus. It

_ carried a simple docking system
which permitted crew transfer only

.: by extravehicular activity (EVA).
The Original Soyuz served the same
role as the Gemini spacecraft did in

': U.S. lunarplans, and more besides.

Like Gemini. the Original Soyuz was
an interim vehicle, filling the gap
between the earliest manned pro-

,: grams and the lunar program. Like
Gemini, the Original Soyuz provided
the means for preparing men,

: Figure1-5. SoyuzA-B-C circumlunarconcept.The drawing machines,andproceduresin space
showsSoyuz-A(right),Soyuz-Bbooster,and Soyuz-Ctanker for the lunar program. Unlikei

:.. withtwinwhipantennae(left). Gemini, the Original Soyuzprovided
• thestructuralbasisforthelunar

spacecraft

.... 1.2.3 Polyot I and 2 1.2.4 Manned Lunar By theendof1965,theSoviet

(1963-1964) _u)gram (1964-1976) mannedlunarprogramincluded
L

three vehicles, all based to a greater f<

The mysterious Polyot I (November Soviet Communist Party Central or lesser degree on the Original t
: 1963) andPolyot 2 (April 1964) Committee Command 655-268 Soyuz. They were

maneuverable satellite flights were officially established the Soviet • The L1, a stripped-down version
,____ once thought to have been tests of manned circumlunar and luaar of the Original Soyuz known as

_,_. Korolev's SoyuL-B component. In landing programs on August 3, 1964. Zond ("probe") meant tor tia!

• 1992, however, a Russian book The preliminary plan for the Soviet circumlunar flights [t

. stated that the Polyots were anti- manned lunar landing program was * The L2, a beefed-up version of _,1"' satellite (ASAT) weapon test ve- approved by Korolev on December the Original Soyuz called the
: hicles developed by V.N. 25, 1964. The N-l/L3 program, as it Lunar Orbit Module. the Soviet

i Chelomei's OKB-52 organization was called, would have landed a counterpart to the U.S. Apollo _'i
: (ancestorof today's NPO Mashino- singlecosmonauton the Moon in command and service module

stroyeniye). A Russian article 1967-68. The mission plan assumed (CSM)

_' _ published the same year stated that successful development of a large * The L3, the lunar lander Ii: the Polyots were tests of the propul- rocket called the N-I. Studies

sion systems for OKB-52's Almaz leading to the N-I had begun in The Soviet lunar program was
..:. military space stations. Another 1956, and work began in earnest in hobbled by undeffunding and more

account had the Polyots testing !960. 7.s than its share of misfortune. In ',l

engines to be used in Chelomei's January 1966, Korolev died from i
v . = reusable space plane program. It is The circumlunar program was complications during surgery. The

possible that the Polyots tested retained. By late 1965, however, Soyuz Idisaster, in April 1967, set
: engines to be used in all three pro- relying on multiple launches of back the lunar landing schedule by
: grams. In any case, the Polyots were components and extensive use of 18 too. Bitter personal rivalries

not directly related to the Soyuz Earth-orbit rendezvous to assemble
between leaders in the Soviet space

: program:, 6 the circumlunar spacecraft was
program also interfered with the goal !

abandoned in favor of a single of landing a cosmonaut on the Moon.
launch using a four-stage Proton
rocket:

5 .,; .
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Mir Hardware Heritage.-

: The repeated failure of the N- ! 1.2.6 Early Sayuz Ferry The Soyuz Ferry needed substantial

: rocket administered the coup de (1973-1977) modifications to fulfill its new role
grace, however. The first N-I test as international ambassador. These

flight occurred on February 20, included restoration of solar arrays to
1969. It ended in first stage failure. The Soyuz spacecraft underwent permit a 5-day stay in orbit, deletion

• First stage malfunctions also ended furtherredesign in the aftermath of of the Igla ("needle") approach
the second (July 3, 1969), third (June the Soyuz 1i accident. Putting the system boom and transponders,
27, 1971), and fourth (November 23, cosmonauts in pressure suits during addition of Apollo-compatible
1972) N-1 test flights. A fifth N-I "dynamic operations" (such as ranging and communications gear,
test was scheduled for August 1974, liftoff, docking, reentry, and landing) and substitution of the Soyuz Ferry

, and a sixth for late 19'/4. In May forced Soviet engineers to pull one probe and drogue docking system
1974, the August test was postponed, crew couch. The solar arrays were with the APAS-75 (androgynous
though research funding for the N- 1 replaced by chemical batteries to peripherai assembly system) (see
continued. The N-1 program was save weight, restricting Soyuz to 2 figure 1-22). The Soviet Union built
finally cancelled in February days of autonomous flight. Remov- five ASTP Soyuz. Three flew as
197670.H._ _s ing the arrays also improved the precursors (two unmanned and one

spacecraft's maneuverability. In manned), and one backed up theaddition, the Soviets modified the
prime ASTP Soyuz, Soyuz 19.: 1.2.5 Salyut I (1970-1921) Soyuzorbital module to improve its

: ._ ability to carrycargo to Saiyut In the event, Soyuz 19 performed
' The OriginalSoyuzsurvived th:. stations. These modifications well. Its backup flew as Soyuz 22 on

_ Moon program to become the produced the Soyuz Ferry?7 an Earth observation mission (1976).
ancestor of all subsequent Soyuz and It was the last manned Soyuz flown

_ Soyuz-derived craft. Spacecraft 1.2.7 Apollo-Soyuz Test without the intention of docking with i: designer Konstantin Feoktistov Project (1973-1976) a space station.
stated that the Original Soyuz j

, missions in 1966-1970 provided
_ engineering data for its conversion The Apollo-Soyuz Test Project 1.2.8 Progress and Soyuz ,

,-.: into a space station transport. Plans (ASTP) sprang directly from letters (1977-Present)
_. for the conversion were drawn up in exchanged between NASA Adminis- J

.....",i the first half of 19707' trator Thomas O. Paine and Soviet Since 1977, Soyuz and its derivatives /
Academy of Sciences President

/. linked with the manned space /
_:- Soyuz 10 and Soyuz 11 carried Mstislav Keldysh in 1969 and 1970. ' .

: _ docking systems permitting internal (Of course, U.S.-Soviet space program have had one function--to jsupport manned space stations.
• crew transfer. In this work these cooperation dates from nearly the Since the launch of Salyut 6 in 1977, l
.i vehicles are called the Salyut l-type beginning of spaceflight--see the Soviet/Russian station programs

Soyuz. Apart from their docking Portree, David S. E, 'WhirtyYears have had the following attributes
_" systems, they differed only slightly Together: A Chronology of U.S.- with implications for Soyuz evolu-

from the Original Soyuz. The three Soviet Cooperation", NASA rich:
Soyuz 10 cosmonauts became the Contractor Report 185707, February
first people to dock with a space 1993.) Several proposals for a joint • Multiple docking ports '_

: station, but were unable to enter manned mission were floated. For a • Design lifetimes of more than 1 1
_ Sa!yut 1. This was blamed on a time, an Apollo CSM docking with a year, with the option to remain in

"weak" docking unit: s The Soyuz 11 Salyut space station held center orbit for several years through on- i

.... ii crew occupied Salyut 1 in June 1971. stage. In April 1972, the sides met in orbit repairs, upgrades, and
Because Soyuz cosmonauts wore Moscow to finalize the agreement refurbishment

_ ,._ pressure suits only for EVAs, the for an Apollo-Salyut docking. The * Extended-duration stays by teams
Soyuz 11crew perished during Soviets surprised the Americans by of two or three cosmonauts

' reentry when pyre shock jarred open announcing that modifying a Saly,Jt

a I-ram pressure equalization valve, to include a second docking port "or Extended-duration stays called for
= allowing the Soyuz 11 descent Apollo was neither technically nor resupply, which in turn called for a

, module to vent its atmosphere into economically feasible. They offered specialized resupply spacecraft. This
space.,6 a Soyuz docking with Apollo drove development of the Progress

instead'n freighter, design of which began in
• 1973_the same year work began on

6 _,.

"1
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Part I Soyu:. 1 i

Salyut 6. Progress craft deliver Soyuz-T development appear:i to 1.2.10 Crew Code Names
propellants, pressurant, air. air have been influenced by ASTP

regenerators, water, food, clothing, Soyuz development. Soyuz-T Code names used as call signs in
bedding, mail, and other supplies, development in turnaffected radio communications arc a tradi-
Resupply by specialized spacecrafi development of the Progress tkmal fixture of the Soviet/Russian
in turn called for multiple docking upgraded for Mir (first flown to space program. They date from the
ports, one for the resident crew's Salyut 7 as Cosmos 1669 in 1985). first manned spaceflight (Vostok I
Soyuz Fcrryand at lea.,;tone for the Soyuz-T begat Soyuz-TM: the on April 12, 1961) and reflect the
rcsupply spacecraft, primary difference between the two evolution of Soviet spacecraft and

i craft was that Soyuz-T used the old procedures. When they were first
I ' Progress freighters not only rcsupply lghJ ("needle") approach systcm, adopted, one code name was
L ::, the stations--they also deliver repair while Soyuz-TM used the Kurs adequatc--Vostok was a single-
j_. partsand new apparatus, permitting ("course") system. Many Soyuz-TM seater. With the modification of
_ " the stations' useful lives to be modifications were in turn applied to Vostok into the multiseater Voskhod
f extcnded well beyond their original Progress-M, the most recent new and the development of the

:,. design lifetimes. Along with Soyuz, Soyuz derivative, multiseater Soyuz, code name

Progress stood in for the malfunc- conventions changed.tioning orbit maintenance engines on Soyuz-derived craft might have

[. the Salyuts, preventing premature played yet another role in the Soviet/ The crew code names listed with the
. reentry. (Kvant docked at the Mir Russian manned space program. By names of cosmonauts in the "Mis-

t base block rear port in 1987, block- 1980, work commenced to convert sion Description" subsections which j
L ing the base block's orbit mainte- Progress craft into specialized space follow are in actuality the code
[ nance engines. Since then, Mir has station modules for the first truly names of each mission's commander.

r_lied exclusively for orbit mainte- multimodular station--what became For example, the Soyuz-TM 12 flight

:,-_ - nance on Progress and Soyuz craft.) Mir. But these were replaced by crew was called Ozon ("Ozone") t
space station modules derived from because that was commander Anatoli j

,i. The Soyuz Ferry had a limited an entirely different type of vehicle Artsebarski's codename. Following
.... endurance docked to a station_ (see part 3, "Space Station Mod- tradition, his flight engineer, Sergei ',

about 60 to 90 days. Two alterna- ules"). The Gamma astrophysics Krikalev, was called Ozon Dva

tires were available if long-duration satellite would have been the first COzone-2"). Helen Sharman, a
'_ crews were to remain aboard for Progress-derived module, but it was cosmonaut-researcher, sat in Soyuz- /

' longer periods: redesigned to fly as an independent
, satellite.' 9 TM ! 2's third seat. Cosmonaut- /

• The Soyuz Ferry could be researcher is a designation roughly
upgraded to increase its endur- equivalent to the designation Payload

ance. This drove development of 1.2.9 Soyuz Generations Specialist in the U.S. Shuttle
, the Soyuz-T, which had an program. As cosmonaut-researcher,

endurance of about !20 days, and The manned Soyuz spacecraft can be Sharman was called Ozon Tri
_: the Soyuz-TM, which can stay assigned to design generations. COzone-Y').with a station for at least 180

days. Soyuz I through 11 (1967-1971 )were first-generation vehicles. The Spacecraft swaps and partial crew

• As a resident crew's Soyuz neared first generation encompassed the exchanges in the space station era
,' the end of its rated endurance, a Original Soyuz and Salyut 1 Soyuz. also changed code name conven-
' visiting crew could be sent to The second generation, the Soyuz tions. Crew code names travel with

,_ _ dock at the second port in a fresh Ferry, comprised Soyuz 12 through the commander, and crew members
: Soyuz. They would return to 40 (1973-1981 ). ASTP Soyuz served take on the code name of the

Earth in the aging spacecraft, as a technological bridge to the third- commander with whom they travel.
• leaving the fresh one for the generation Soyuz-T spacecraft For example, Helen Sharman
" resident crew. A variation on this (1976-1986). Soyuz-TM is fourth- returned to Earth in Soyuz-TM i i

theme had an unmanned Soyuz generation. These generation with commander Viktor Afanasyev
being sent to the station to replace designations provide a useful (code name Derbent) and flight
the resident crew's aging space- shorthand method for refcrri..g to the engineer Musa Manorov (Derbent
craft. This was done only once, vehicles. They also parallel _imilar Dva). She thus became Derbent Tri
when Soyuz 34 replaced designations applied to Soviet/ for her return to Earth. Sergei
Soyuz 32. Russian space stations and other Krikalev became Donbass Dva after

spacecraft.2°

't
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Alexandr Volkov (code name 1.3 The Original Soyuz
Donha_s)replacedAnseharski as his (1966-1970)commander aboard Mir_

Tile three-seater Original SoyuzIn this work, crewmen'lhers are listed

commander first, flight engineer (figure 1-6) was the first ancestor of
second, and cosmonaut-researcher the $oyuz-derived vehicles in use

today. The Original Soyuz playedlast. Missions in which this conven-
much the same role in the Soviet• lion doesnot hold truearenoted.
mannedlunar programasGemini did
in the U.S. mannedlunarprogram,

• That is, it provided experience in
':: essential techniques and technologies

- for lunar flight.

I,

t
, /

, Figure1-6. OriginalSoyuzspacecraft. .,
• I

-1

Figure1-7. Soyuzrocket. Withmore
than 1000 launchesto itscreditsince
1963, thetwo-and-a-haft.stage
Soyuz rockethas flownmorethan

: any other. Propellantsare llquld
. oxygenandkerosene. Weightof

payloadlaunchedto 200.kin, 51°
circularorbitis7000 kg.

r _ _ III I II
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Purl I Soyuz

f

Figure1-8, OriginalSoyuz probeanddroguedockingsystem, The activeunit
(right)consistedof a probeandlatches;the passiveunit,a receivingcone,
socket,and catches. The passiveunit'sfrustumwas longerthanthe active
unit'sbecause itwas designedto acceptthe probe, The probeactedas a
shockabsorber. Its tipcontainedsensorswhichregisteredcontactwiththe
cone,disabledthe activecraft'scontrolsystem,and firedthrusterson theactive
craft toforcethe spacecrafttogether, The probeenteredthe socketat the apex
of the cone,whereuponcatchesanda restrainingringlockedit intoplace.
Plugsandsocketsinthe rimsofthe dockingunitsthen establishedelectrical
and intercomconnectionsbetweenthe space_raft.=_

I

1.3.1 Original Soyuz Specifications

.... Launch weight .......................................... about 6600 kg
Launch vehicle ......................................... Soyuz
Length ....................................................... about 9 m
Span across solar arrays ........................... 10 m

_ Diameter of habitable modules ................ 2.2 m
Maximum diameter .................................. 2.72 m
Habitable volume ..................................... 10 m_ /

: ,: Number of crew ........................................ 1-3 _|i

,4 *,_

1.3.20Hginal Soyuz Notable • Made no provision for internal • Orbital module served as an

_ Features crew transfer after docking. Crew airlock for external crew transfer; ,
transfer involved EVA between it also served as a laboratory, a
two docked craft, storage compartment, and living i

• Launched on a Soyuz rocket * Used a simple probe and drogue space for the crew. i
, (figure 1-7). All Soyuz variants docking system (figure 1-8). • Carried a toroidal tank in its aft |

except the LI and L2 have
launched on this rocket. • Had handrails on the outside of its skirt. This was an electronics t

orbital module to facilitate compartment or propellant tank (it w
• Except during EVA, its crew did external crew transfer after was never flown carrying propel-

not wear space suits, docking, lants).

_ 9

,IL
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L3.3--Orlginal Soyuz Mission Descriptions

Dates are launch to landing,

Cosmos 133 November 28-30, 1966

First flight of the Original Soyuz. It ¢_ried no crew. The spacecraft could not
he controlled while its main engine was qring, so could not be positioned fi)r
reentry, Controllers ordered it to self-destruct when it looked as if it would
land in China. _2

Launch failure December 1966

, An on-pad explosion of its Soyuz launch vehicle ended this second test of the
$oyuz spacccraat. The $oyuz orbital module and descent module were

'" dragged to safety by the launch escape system, =_

Cosmos 140 February 7-9, 1967
J

: Cosmos 140 was able to follow the.nominal Soyuz Earth-orbital mission plan
:' up to reentry. During reentry a maintenance plug in the forward heatshield

burned through, causing severe structural damage. The descent module j
crashed through ice in the Aral Sea and sank in 10 m of water.24 I

! J

' Soyuz I April 23-24, 1967 ,
t'

:. Vladimir Komarov |
Crew code namc--Rubin

,_ /

i ; First manned Soyuz spacecraft, meant to play the active role in a docking with ,_
-- a second spacecraft which would have been called Soyuz 2. Soyuz 2 would |

have carried three cosmonauts, two of whom would have transferred by EVA
, to Soyuz 1. The mission was scheduled to coincide with the anniversary of

Lenin's birth. Upon reaching orbit, one of the craft's two solar arrays failed to
deploy. Exhaust residue from the attitude control jets fouled the craft's ion
orientation sensors, making control difficult. The second $oyuz launch was
cancelled. Komarov carried out a manual reentry on orbit 18, after a failed
attempt at an automated reentry on orbit !7. During descent, a "pressure

: . : design flaw" prevented the parachute from deploying properly. The Soyuz 1
_: descent module crashed and cosmonaut Komarov was killed. :._

q
! Coamoa 186 October 27-31, 1967

Cosmos 188 October 30-November 2, 1907

Automateddockingbetweentwo unmanned$oyuz. Cosmos186, launched
first, was the active spacecraft.2_

O0000001-TSB12
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Commo= 212 April 14-19, 1968

Cosmos 213 April 15-20, 1908

Aulomtttcddockinghetwcell two unmannedSoyuz, ,4milerh) theCo, avJ,, I N6
Cosmos 188 dec:king flight,

Co|men 236 August 2B-September 1, 1966

Unman,ed Soyuz meant either to reqaalify the Oril_imdSoyu/for manned
;' flight after the Soyuz I accident or to serve as a docking target fiw a manned

. = .. Soyuz spacecraft, launch of which had to hc cancelled. Presumably Cosmos
: 238wouldhavebeenrenamedSoyuz2ii'themannedcraft(whichwouhlhave

" hccncalledSoyuz3)hadrcachcdorhitY

Soyuz 2 October 25-28, 1966

Soyuz 3 October 26-30, 1968

,.. GeorgiBeregevoi

' Crew code name_Argon

: " Soyuz 3 was the active craft for the docking with the unmanned Soyuz 2 craft, j
" The craft wcre unable to dock, though automatic systems brought the ships to 1

within 200 re,and Beregovoi brought Soyuz 3 still closer to Soyuz 2 under
" manual control. :H'29 Before launch the flight was called a prelude to manned

-" space stations.._0 ,s

,. Soyuz 4 January 14-17, 1969 /

Launch crew--Vladimir Shatalov /

.... Crew code name--Amur ]

' Landing crew--Vladimir Shatalov, Yevgeni Khronov, Aiexei Yeliseyev
;, Crew code name_Amur

Soyuz 5 January 15-18, 1969

.... Launch crew--Boris Volynov, Yevgeni Khrunov, and Alexei Yeliseyev

-:. Crew codename--Baykal [
L)

Landing crew--Boris Volynov (
"" Crew code name_Baykal

(

Soyuz 4.and Soyuz 5 carried out the first docking between manned Soviet
spacecraft. Soyuz 4 played the active tote in the docking. After docking,
Soyuz 4 and Soyuz 5 were Oescribed as comprising the first _ultimodular
space stationY More importantly, however, this was a test of rendezvous and
docking and EVA procedures, with implications for the manned lunar pro-
gram.u Yeliseycv and Khmnov transferred by EVA from Soyuz 5 to Soyuz 4.
Thc two craft remained docked for 4 hr, 35 rain.

"! Afanaseyev states that, after Soyuz 4 and Soyuz 5, two additional Soyuz craft
... were to have rendezvoused and docked to prepare for manncd lunar landing

II
! .,=',
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missions, However,the rcmainin_OriginalSoyuz or'illwere *'re-assignedfor
the performanceof engineeringexperiments in a groupflight,., and in a long-
durationflight."" These were tile Soyuz 6, 7, and 8 and Soyaz 9 unissions,
resl_etively,

8oyuz 6 October 11-16, 1969

GeorgiShonin, ValcriKuhasov
Crewcodename -Antey

Soyuz 7 October 12-17, 1969

AnatoliFiliwhcnko,YiktorGorhatko,VladislavVolkov
Crcwcodcname-°J_urv,

Soyuz 8 October 13-18, 1969

VladimirShatalov,Alcxei Ycliscyev
Crew code name---Oranit

A uniquejoint flight of three Original Soyuz spacecraftcarrying atotal of
seven cosmonauts. Soyuz 6 was a testof equipmentto b¢ usedon futurespace
stations. It carriedweldingequipmcntin itsorbitalmodule andhadno

:' " dockingapparatus,It wasalso intendedto photographthedockingbetween
: Soyuz7andSoyuz8,whichdidnotoccurY

J

,', " Soyuz 9 June 1-19, 1970 !i

AndrianNikolayev,Vit_diSevastyonov _;
Crewcode name-Sokol /"

/ ;
Remainedaloftfor 17 days, 17hr,beatingtheU.S. space endurancerecordset 1,
by the Gemini 7 astronautsin 1965. The mission gatheredbiomedicaldatain
supportof futurespace stationmissions.

1

1.4 L1 (Zond): ,i
Circumlunar Spacecraft

, (1967-1969)

TheL! (Zond)(figureI-9) was
meant to carryone or two cosmo-
nautsona circumlunarflight. It
neverflew manned,butdid completc
sevcralunmannedcircumlunar "
missions.

Figure1-9. L1(Zond)clmumlunarspacecraft,

12
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Part I Soyuz

1.4.1 LI Specifications

Launch weight (Zond 4 through b) .......... 5140 kg
Launch weight (Zond 7.8) ....................... 5390 kg

: Launch vehicle ......................................... Proton (four-stage); N- I
Length at launch ....................................... 5.0 m
Length after support cone ejection ........... 4.5 m
Span across solar arrays ........................... 9 m

: Diameter of habitable module .................. 2.2 m
Maximum diameter .................................. 2.72 m

, Habitable volume ..................................... 3.5 m -_
•:" Number of crew ........................................ I-2"
,i

*Never carried a crew.

; i

(
1.4.2 L1 Notable Features to attach it to the Soyuz launch a

i!i shroud, and through that to theL
P

: _ escape system. This was ejected ,'

...._'_ * Typically launched atop a four- in Earthparking orbit or after |
_' stage Proton rocket (figure 1-10). translunar injection. t',i The first three stages bum N20 ,: • Lacked an orbital module.

_, and UDMH propellants. The /'
• ,. Block D fourth stage, with its • Lacked docking systems. 1
_, restartable motor, was originally • Locked the tomidal instrument qintended for use with the N- 1 container located in aft skirt of_,r

_, rocket as part of the manned lunar Original Soyuz.
' landing program. It bums• ,- * Lacked intermodule umbilical
_ kerosene and liquid oxygen. It

would have inserted the L2 and linking the service module to the
orbital module.

L3 into lunarorbit and provided
most of the AV for powered • Had no backup main engine in the

_ descent of the L3 to the lunar version flown. The sole engine
surface. The LI used it for was based on the Soyuz KDU-35
translunar injection, system. Propellant mass was only

. Launched under a modified Soyuz 400 k8.
launch shroud. • Had shorter sohw arraysthan

. Launch escape system's solid Soyuz.
rocket motors smaller than those • Had an ablative heat shield

on the Soyuz shroud, in keeping thicker than that on the Original
with the lower mass it was Soyuz to withstand atmospheric

designed to drag to safety, friction heating at lunar reentry
velocities.

Figure 1-10. Protonconfiguredfor • Had an invertedcone-shaped
L1 (Zond). Notethe modifiedSoyuz supportstructurearoundthe hatch • Carried an umbrella-likehigh-
shroud (top). at the top of the descent module gain antenna on its descent

module.

13 _: !
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1.4.3 LI Mission Descriptions

Dates are launch to reentry (where applicable).

:_ Coemo= 146 March 10-18, 1967

' First flight of a Soyuz-based L! vehicle in space. The version flown was,
however, simplified, because the flight was intended primarily as a test of the
Block D fourth stage of the Proton launch vehicle. The Block D engine fired
twice in the course of the flight.

r

Coemo= 154 April 8-10, 1967

. Block D could not fire, possibly because of premature ejection of its ullage
: motors (used to settle fuel in the stage after weightless coast in parking orbit).
; Because of this, Cosmos 154 failed to test the high-velocity reentry character-
: isticsoftheL1.3s

:, Launch failure September 28, 1967

One of the six engines in the Proton first stage failed to operate. The emer-
- gency escape system dragged the descent module free of the errant rocket.

• Launch failure November 22, 1967

One of the four engines in the second stage of the Proton failed to operate. The
: emergency escape system activated. The land landing _ockets fiw.d-prema-
_ turely during parachute descent. I

,_ Zond 4 March 2-9, 1968

' !'_ !

.... First LI spacecraftcalled Zond. Zonds 1through3 were interplanetaryprobes
. _ unrelatedto Soyuz. The unmannedZond 4 spacecraftflew to lunardistance,

- butaway from the Moon. It was lost during reentry because of an attitude
_,_. controlfailure?e,37

,_" Launch failure April 23, 1968

_: Escapesystemtriggeredmistakenlyduring nominalProtonsecondstage

operation.
!

Zond § September 14-21, 1968

Successfully circumnavigated the M_on, but its guidance system failed,
resulting in an unplanned splashdown in the Indian Ocean. It was recovered
and shipped to the Soviet Union via India.

. Zond 6 November 10-17, 1968

Testedtheworldwidetrackingsystem_t upfor Sovietmannedlunarmissions
and photographed the Earth. During reentry, the descent module depressudzed.

14
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Pan I Soyuz

The parachute deployed too early, and the module crashed. Film cassettes
were recovered, however.

Laun©h failure January 20, 1969

Second and third stages of the Proton rocket performed.poorly, so the vehicle
had to be dest,my.ed. The launch escape system functioned as designed.

Launch failure February 20, 1969

:_. First N-I rocket (figure 1-13) flight test; N-I number 31 carried a simplified
LI on what was to have been a lunarflyby mission. The engine control system
incorrectly shut down two of the 30 NK-15 engines in the rocket's first stage
before it cleared the tower. Excessive vibration ruptured lines in engine

: number 12. At 55 sec, a fire started in the first stage. It burned through the
engine control system cables at 69 sec, shorting out the system and shutting

" down the first-stage engines. Still afire, N-I number 31 fell to Earth 50 km
: downrange, exploding on impact. The simplified L1 descent module ejected

and landed safely.

?.

Launoh failure July 3, 1969

Launched on the second N-1 rocket to fly (number 51). Less than a second
after liftoff, a loose metallic object caught in the oxidizer pump of the number

: 8 engine of the N-I first stage. The engine exploded, damaging the first stage l
,"-_ cable runs and several adjacent engines. A fire broke out, and the rocket fell

back onto and destroyed its launch pad. The simplified L1 payload ejected
using the launch escape system.

Zond 7 August 7-14, 1969 /

_ Most successful of the LI flights. Its Proton launch vehicle performed _1
nominally. Zond 7 photographed the lunar farside from 2000 km altitude,

:; performed a skip reentry, and landed safely in the recovery area in the SovietUnion. I

: Zond 8 October 20-27, 1970

Mishin claimsthatits ballisticreentryand splashdownin the Indian Ocean
_. were planned?"Afanaseyevand othersourcesstatethat Zond 8 suffered

• control problems? 9 It shot photos of the farside of the Moon on October 24
during flyby at 1200 km altitude.

i

. i5 ;,: .
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1.5 L2 (Lunar Orbit
Module): Lunar Mission
Command Ship (1971-
1974)

No L2 (figure I- l 1)ever reached
! : . orbit. The spacecraft was meant to

play the equivalent role of the U.S.
manned lunar program's Apollo

i_ CSM. An L2 is on display at the
: _ Moscow Aviation Institute. For an

, L2/CSM comparison, see figure 4-3.
Figure 1-12 depicts the Soviet
manned-lunar-landing profile.

:, Figure1-11. L2 (LunarOrbitModule). At thefrontofthe spacecraft(left)is the
Aktivunitof the lunarmissionKontaktdockingsystem.

12 13

i :

i" \ /

i, 16 2 \
i \

: 5
:,, 3 6

!
(/

'" Figure1-12, N-l/L3 lunarmissionprofile. 1, N-1 rocketliftoff.2, LRSEarthorbit insertion. 3. LRS translunarinjection
usingBlockG rocketstags. BlockO separates. 4. MidcoursecorrectionusingBlock D rocketstage, 5. Lunarorbital
insertionusingBlockD rocketstage, 6. SinglecosmonauttransfersfromL2 to L3 by EVA, 7, L3 lunarlanderandBlock

' D rocketstage separatefromL2 LunarOrbit Module. 8. DeorbitburnandpowereddescentusingBlockD rocketstage.
ExpendedBlockD rocketstage separatesfrom the L3 1to 3 km abovethe lunarsurface. L3 continuespowereddescent

: usingItsownmainor backuprocketmotor. 9, L3 touchdownon Moon. 10. ExpendedBlockD rocketstagecrasheson
' Moon, 11. L3 liftoffusingsameenginesusedfor finaldescent. Legsare left onMoon, 12. 1.2rendezvousanddocking
• withL3, 13. CosmonauttransfersfromL3 to L2 by EVA, L3 discarded. 14. Trans-EarthInsertionburnusing1.2ma!n

engine. 15. MIdcoursecorrectionusingL2 mainengine. 16. Orbitalmoduleandservice modulediscarded. 17.
Descentmodulereentry, 18. Parachutedescentandtouchdownonland.

16
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Part i Soyuz ]

l.S.l L2 Specifications

Launch weight ......................................... 14,500kg (estimated)
Launch vehicle ......................................... N-I
Length....................................................... 12m (estimated)
Diameterof living module ....................... 2.3 m
Diameterof descent module .....................2.2 m
Diameterof servicemodule ..................... 2.2 m
Maximumdiameter
(acrossaft frustum)................................. 3.5 m (estimated)
Habitablevolume .....................................9 m._(estimated)

_ Numberof crew....................................... 2

"l'$'2wasFlight'teSttohaveL2 N°tableversi°n'beenlaunchedondubbedT1K'Featttla_aB-- _ ,

Pr°t°nN"linflight'teStsimilarly,fav°r°fr°cket(figurer°Cket'inPr°gramall'UP1965,theH°wever'testingl"13)?°wascancelledApolio°ntheT1Kthe _ _ i_
programopted forunmannedall-

,.: • Launchedatopanuptesting. N- 1rocketwith _ *J
a L3 lunarlander and the Block G

Togetherthey formedandBlock D rocketstages.the lunar e"N_:w /!

rocketsystem(LRS)(figure1-14). /

" L°ngdividedlargesphericslServiCebya membranem°dUlepr°pellantC°ntainedaintotank _ /, oxidizerand fuel sections. It
t,....J m

' providedpropellantfora main
propulsionsystem differentfrom

theOriginaluntilL2 mainengineSafter theS°yuz design'L3andwereDnOtunitUsedThe
.:, separatedfrom the L2 in lunar

orbit. The propulsionsystem

Figure1-13. N-1rocket providedAV for trans-Earth
configuredforlunarflight.The insertionandcoursecorrections
basicrocketconsistedofthe duringreturntoEarth.

BlockAstage,firststage,andthetheBIockBl°CksecondVB • Hadenlargedconicalskirtat ,...,
thirdstage.Allstagesbumed servicemoduleaft. _.
liquidoxygenandkerosene.For • Cardeda spring-loadedprobe
lunarmissionstheLRSwas dockingsystem,calledAktiv
added.TheN-1wouldhave ("active"),whichwasdesignedto Figure1-14. Lunarrocket
deliveredabout100,000kgto penetrateandgripa "honeycomb" system.Consistedof(bottom

I°w'Eerthcompadsonwith°rblt' (F°rtheU.S.a Saturn droguedockingfixtureontheL3. t°Drocketstages,theL3t°p) theBlockG andBlOCklander'
V rocket,seefigure4-1). Togethertheywerecalled endthe1.2commandship.

I
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Kontakt (figure !-15). The _ • Oxygen/hydrogen fuel cells and

docking system was to be used _ batteries replaced the solar arrays

only once during the mission, of the Original Soyuz.
after the L3 had completed its • Descent module had a heat shield

lunar landing mission and thicker than that of the Original

returned to orbit. Little docking Soyuz, permitting it to withstand
accuracy was required to link the reentry at lunar return speeds.
spacecraft firmly enough to let the
moonwalking cosmonaut returnto
the L2 by EVA.

:_ ° Made no provision for internal
: crewtransferafterdocking.

•--Orbital module had an EVA hatch
Figure 1-15. Kontaktdocking

largerthanthe oneon the Original system. Never usedin spaoe,the:
• Soyuz. systemwas designedforthe Sovietm

• Electronicsmorecomplex than lunarprogram. The Aktivunit(top)
thoseon the Original Soyuz, in _ . was locatedat the frontof the L2,

keeping with its moredemanding /:_j)) j whilethe passiveunitwas locatedon-
mission. _ top ofthe L3 lander. '.l

el

_ - 1.5.3 L2 Mission Descdptions

- None of the planned L2 n'E_sionsreached orbit.

Launoh failure June 27, 1971 t
k #_ s

The launch shroud of the third N-1 to be launched (number 61) covered L2 and /_
L3 test articles, and was topped by a dummy launch escape system. Immedi-
ately after liftoff, eddies developed in the exhaust streams of the 30 NK- 15 /

_- " engines in the N-1 first stage; this, coupled with roll control and aerodynamic
• inadequacies, allowed the rocket to roll about its long axis. At 48 sec, the
, rocket began to disintegrate under the torque generated by the roll. The top

part of the N-1, including the test articles, fell off. It crashed near the N-1
_ launch pad, while the lower partof the rocket flew on. At 51 sec, the engine

control system automatically shut down the first stage engines. The lower
- stages impacted 20 km downrange and exploded, gonging a crater 30 m wide. ;,

i, "i i

Launoh failure November 23, 1972 i
The launchshroudof the fourthN-I to fly (number71) containedan L3

• mockup and a prototype L2. Ninety sec into the flight, the six central engines
in the first stage shut down as planned. At 104 sec, lines leading into the
deactivated engines burst under pressure from backed-up kerosene fuel.

Kerosene spilled on the still-hot engines. The last N-1 to fly exploded 107-110
sec after liftoff, just 40 sec before planned first-stage separation. Another
account traces this failure to a foreign object in the number 4 engine oxidizer

pump, making it a neat-replay of the failure which destroyed N-1 number 51 in
. July 1969. The launch escape system plucked the descent and orbit modules of

the L2 free of the N-I. This L2 was the last Soyuz variant to launch on a

• rocket otherthan the Soyuz launcher. I

18 ' _'_'i
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' Scheduled launoh August 1974

The fifth N-! flight (scheduled for August 10'74) would have carried fully
_", operational L2 and L3 vehicles on an unmanned rehearsal of a manned lunar

. mission, bugthc flight was postponed, then cancelled, along with the N-!
" project,

- ;_

,!

-t N

.4-

1.6 L3: Lunar Lander

-: "L" (1970-1974)
,_, The L3 (figure1-16)was success- _

_ ..!:,_ fully tested in simplified form in
_ _:, Earth orbit, but the failure of the N1
__._ rocket program prevented it from

_.:, reaching the Moon. It was designed
-=:-_:: to deliver a single cosmonaut to the

" lunar surface, L3 landers and
_ ' associatedhardwareareondisplay in " '

_::' !' several locations in Russia: the

Moscow Aviation Institute,
' Mozhalsk Military Institute in St.

Petersburg, NPO Energia in Mos- Lv_,
_r_ cOW,Kaliningrad Technical Institute, ""; ,/
_! and NPO Yuzhnoye in _-
i Dnyepetrovsk.Foracomparisonof
_: the L3 with the Apollo LM, see
_ figure 4-2,

Figure1-16. L3 lunarlander. The flat,downward-facingface (left)of the ovoid
pressurecabinholdsthe roundviewport(notvisible), The Kontaktsystem
passiveunitis atcabintop, andtwo landingradarboomsextendat left end
right. Nozzlesof twosolid-fueledhold-downrocketsarevisibleat thetopsof
the legs,nearthe bases ofthe radarbooms.

1.6.1 L3 Specifications

Launch weight .......................................... 5500 kg
• Launch vehicle ......................................... Soyuz; N-1

Height ....................................................... 5.2 m
Diameter of habitable module .................. 2.3 m by 3 m

!.
Span across deployed landing gear .......... 4.5 m (estimated)
Habitable volume ..................................... about 4 m_ (estimated)
Number of crew ........................................ i

19
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1.6.2 L3 Notable Features N20, and UDMH propellants, the control; and four 10-kg thrusters
Ye unit weighed approximately gave roll control. The system was
2250 kg (half the weight of the exactly duplicated on a separate

• Not a Soyuz derivative per se, L3). N204 was stored in a toroidal control circuit to provide redun-
though it was developed as part of tank surrounding the engine units, dancy. 4_

the same program which pro- This fuel load gave the L3 about i • Lone cosmonaut stood before a

duced the Soyuz,derived LI and min of flight time before it began large, round, downward-angled
L2 vehicles. L3 was to have been to cut into its ascent reserves, window; controlled flightused with the L2 vehicle.

• Control system was the first in the manually using a control panel
• Flight-test version of the L3 was Soviet program based on an located to the right of the window

called T2K. It was launched for onboard computer. Inputs were and control sticks. A smaller
_ Earth-orbital tests on a modified derived from a three-axis gyro- window faced upward to provide

Soyuz rocket with an enlarged stabilized platform, landing radar, visibility during docking.

("large caliber") launch shroud?2 and a collimating sight. The • Cabin atmosphere was oxygen/
T2K had its landing legs replaced cosmonaut would use the sight to nitrogen at 560 mm/Hg, with
by two units for returning systems spot the selected landing site, then slightly less nitrogen than the

:- telemetry to Earth. input the coordinates to the terrestrial mix normally used in
• For lunar landing missions, was to computer. Computer commands Soviet spacecraft."

" he launched on a three-stage N- 1 were verified using Sun and • Relied on five chemical batteries
rocket, within a shroud, as pan of planet sensors.

• • for its electricity. Two wen
the LRS. The LRS consisted of • Two 40-kg thrusters gave pitch located on the ascent portion of

! Block D and Block G rocket control; two more gave yaw
stages, the L3 lunar lander, and
the L2 command ship.

• The Block D stage carried out
midcourse corrections en route to a

;_ the Moon and braked the L2 and ,
L3 into lunar orbit. After lunar _ ',¢

orbit insertion, a single cosmo- _ |[

.. nant exited the L2 through the /_!
,. hatch in its living module,
_ traversed the length of the L2 / :
• with the aid of a mechanical arm,

,-. and entered the L3 through a port
in the shroud enclosing it. The

'.;. shroud then fell away as the

_. Block D and L3 separated from
the L2. _

: • Restanable rocket r_otor on the i
Block D provided most of the AV

,_,, for powered descent to the lunar |
• surface. The Block D was to be

depleted and discarded about 1 to i
" 3 km above the surface. After it

• was discarded, the Block D
crashed on the lunar surface a
short distance from the L3

touchdown point.

• Had one single-nozzle main
engine on its longitudinal axis,

: one two-nozzle backup engine,
and four verniers. The lozenge-
shaped propulsion unit was
dubbedtheYe unit. Loadedwith Figure1-17. L3 ascent.

20
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Part I Soyuz

the spacecraft and three were left special Krechet lunar sp_ce ment. It was a lO0-cm aluminum
: behind on the Moon. suit.4_.4, plate, containing 108 recessed

" * Four solid rocket hold.down • Left only its landing legs, landing hexagons, each 6 cm in diameter.
motors, with upward-pointing radar, and a few other components In the nominal mission it would
nozzles, were fired at touchdown behind on the Moon. Unlike the bc used only after the L3 as-

to help ensure that the L3 would Apollo LM, which used separate tended from the lunar surface.
not tumble on contact with the descent and ascent propulsion The L2's docking probe (Aktiv
irregular lunar surface. 4s systems, the L3 used the same unit) had only to enter one of the

• Landing gear designed to contend main propulsion system for final hexagons to create a connection
-=_' with a lateral velocity of ! m/sec descent and ascent. At liftoff firm enough to allow the L3

at touchdown on hard soil with a from the lunar surface both the cosmonaut to complete a space

" , - 20° slope, main and backup propulsion walk back to the L2 spacecraft. A

• Cg adjustments possible by systems were activated. If both flat aluminum apron protected the• systems were found to be operat- top of the L3 from damage in the
: redistribution of water in the ing normally, the bac:.up system event of gross misalignment by
- tanks of the evaporator cooling we3 then shut down (figure the L2. The combined L2/L3

system. _ !.17).49 docking system was called

_ _ :. • Had an oval hatch designed to • L3 drogue docking unit extremely Kontakt.So.s_
_. accomodate the cosmonaut's simple and tolerant of misalign-

• 1.6.3 L3 Mission Descriptions

Dates arc launch to approximate end of maneuvers. Current status is given in the text.

Cosmos 379 November 24, 1970-about December 1, 1970

The first L3 testflight (in T2K form) in Earthorbit simulatedpropulsion

..- system operations of a nominal lunar-landing mission. Cosmos 379 entered a
192 to 232 km orbit. Three days later it fired its motor to simulate hover and ?

' touchdown, in the process increasing its apogee to 1210 km. After a simu-
' lated stay on the Moon, it increased its speed by 1.5 km/sec, simulating ascent / ;
'::" to lunar orbit. Final apogee was 14,035 km. The spacecraft reentered on
• September 21, 1983.

:--., Cosmos 398 February 26, 1971-about March 3, 1971 ,i

1 This T2K flight successfully tested L3 contingency modes. It was in a 1811 '_i
i km by 185 km orbit as of March 31, 1994.

kaunoh failure June 27, 1971
i

The third flight of the N-I rocket carried mockup L2 and L3 vehicles. They

crashed near the launch pad when the N-1 broke apart (see section 1.5.3). _i

Cosmos 434 August 12, 1971-about August 18, 1971

The final test of the L3 in unmanned T2K form was as successful as the first

two. The flight was a test of L3 contingency modes. Cosmos 434 performed
the longest burnof the three T2K tests. It finished in a 186 km by 1i.804 km
orbit. The imminent decay from orbit of Cosmos 434 in 1980-1981 raised
fears that it might carry nuclear fuel. These fears were lent urgency by
memories of the _cent reentry of the Soviet Cosmos 954 nuclear-powered

21
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surveillance satellite over Canada (1977) and of Skylab over Australia (1979).
Cosmos 434 burned up over Australia on August 22, 198I. To allay fears of a
nuclear catastrophe, representatives of the Soviet Foreign Ministry in Australia
admitted that Cosmos 434 was an "experiment unit of a lunarcabin," or lunar
lander.5_

Launch failure November 23, 1972

Failure of the first stage of the fourth and last N- I rocket to fly consumed an
L3 test anicle-(aee-_ction_LS.3)

1.7 Salyut l-Type
Soyuz (1971)

t /

The Salyut l-type Soyuz (figure l- _/__ " _-

18) was the Original Soyuz with a /

new docking system. Its second -
manned flight (Soyuz 11, 1971) /

_' ended in disaster, forcing a redesign.

:ji. -

Figure1-18. Salyut1-typeSoyuz. Thiswas the OriginalSoyuz
upgradedforSalyutspace stations. The probeanddrogue
dockingsystem(left)permittedinternaltransferof cosmonauts /
fromthe Soyuzto the station. /

Ir

i

; t

1

Figure1-19. Soyuz Internaltransferdockingunit. Thissystemisusedtodayfor
dockingspacecraftto Mir. The activecraft InsertsItsprobe Intothe apace
stationreceivingcone. The probetipcatcheson latchesinthe socketat the
apex ofthe cone. Motorsthendrawthe two spacecrafttogether. Latchesinthe
dockingcollarscatch,and motorsclosethem. Fluid,gas, andelectrical
connectionsare establishedthroughthe collars. Afterthe cosmonautsare
certainthe seal isairtight,they removethe probeanddrogueunite,forminga
tunnelbetweenspacecraftand station.At undocklng,fourspringpushrods
drivethe spacecraftapart. If the latchesfall to retract,the spacecraftcan fire
pyrotechnicboltsto detachfromthe station.
II I .
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1.7.1 Salyut 1-TypeSoyuz Specifications

Launch weight ..........................................about6800 kg
: Length ....................................................... about 7.5 m

Span across solar arrays ........................ 10 m
Diameter of habitable modules ................ 2.2 m
Maximum diametel. ................................. 2.72 m
Habitable volume ..................................... about 10 ms

• Number of crew ........................................ 3

1.7.2 Salyut 1-Type Soyuz • Carded solar array.,;which could • Orbita; module was shortened to
r Notable Features be tied into the Salyut ! power 2.65 m in length (from about 4 m)

system, increasing the amount of by deletion of the external crew
energy available to space station transfer docking system probe and

• Carried three crew, who did not systems, frustum, and a docking system for
_: wear space suits during flight. • Lacked the toroidai tank or internal crew transferwas added.

_ * Equipped with a probe and drogue pressurized instrument compart-
. docking system permitting ment in the aft skirt of the

internal crew transfer(figure 1-19). Original Soyuz spacecraft.

1.7.3 Salyut l-Typ_g.SoyuzMission Descriptions

•. For information on Salyut operations during these Soyuz missions, see section 2.2.3. Dates ate launch to landing, i

Soyuz 10 April 22-24, 1971 |

Vladimir Shatalov,Alexei Ycliseyev, Nikolai Rukavishnikov

Crew code name---Granit ,/

Carried three crew to Salyut 1, the first space station, in April 1971. A fault in j
• the docking unit prevented them from entering the station.

Soyuz 11 June 6-29, 1971

.• Georgi Dobrovoiski, Viadislav Volkov, Viktor Patseyev
Crew code name--Yantar

Docked successfully with Salyut I on June 7, 1971. On June 27 the three-

person Soyuz 11 crew reactivated Soyuz 11 and began packing experiment
results for return to Earth. At i828 UT, June 29, they undocked. They wore
hooded flight suits which protected them against the descent module's chill, but
not against depressurization. The Yantars fired their Soyuz main engine to

' deorbit. Explosive bolts for separating the orbital and service modules from

the descent module then fired simultaneously, ratherthan sequentially as
planned. The abnormally violent separation jarred loose a I-mm pressure
equalization seal in the descent module which was normally pyrotechnically

• released at lower altitude. The atmosphere in the descent module vented into
space within 30 sec. The crew rapidly lost consciousness and died. The
descent module landed automatically in Kazakhstan without additional incident
at 2317 UT) 4
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i 1.8 Soyuz Ferry (1973- _. __
1981)

The Soyuz Ferry (figure 1-20)
replaced the S_tlyut I-type Soyuz. it
translx)rtcd crews of two cosmonauts
to Salyut 3, Salyut 4, Salyut 5, and
Salyut 6.

Figure 1-20. Soyuz Fern/.

rl 1.8.1 Soyuz Ferry Specifications
i

Launchweight..........................................6800kg

Launchvehicle.........................................Soyuz

" Length.......................................................about7.5m J
Diameter of habitable modules ................ 2.2 m j
Maximum diameter .................................. 2.72 m
Habitablevolume.....................................9.5m _ m

Number of crew ........................................ 2

1.8.2 Soyuz Ferry Notable 1.8.3 Soyuz Ferry Detailed servedasaperiscopeduring rendez-

, Features Description vous and docking operations, ]permitting the crew to see around the tforward orbital module. Most of the
, • Space and weight devoted to a Soyuz designer Konstantin cargo carried by a Soyuz Ferry to an
' third crewman on the Original Feoktistov provided a detailed orbiting Salyut space station was

• ' - Soyuzwasdevotedto life support descriptionof the SoyuzFerry near cardedin the orbital module. A
equipment designed to supply two the end of its career in a brochure small amount was carried in the
crewmen in spacesuits, publishedin Moscow in 1980." descentmodule.

Many of the Soyuz Ferry attributes

• Deletion of solar arrays, he described, listed below. '.tpply The service module consisted of the
• Addition of batteries. These were equally to other versions of Soyuz. transfer frame and the instrument-

lighter than solar arrays, permit- service section. The transfer frame,

: ring more cargo tobe carried. Descent capsule L/D ratio of 0.2-0.3 which joined the service module to
The batteries restricted the Soyuz permitted a landing site to be the descent module, wasunpressur-

. Ferry to only 2 days of autono- targeted within several kilometers, ized and held several docking and
mous flight. Nominal descent deceleration load orientation engines (attitude control

• Igla ("needle") automatic rcndez- was 3-4 g's. The descent capsule engines) and fuel tanks, purging
vous and docking system, had three windows. The central tanks (for providing pr_ssurant to

" window was fitted with a "viewer drive propellant from the propellant
• Whip antennas were relocated and orientation device" for "triaxial

tanks to the engines), the small
from the leading edges of the orientation using the horizon and exterior radiatorfor the thermal
solar arrays to the sides of the features on Earthover which the
service module, control system, and the command

spacecraft passed." The device also radio link apparatus, includin/_ a

4 _',
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ring-shaped exterior antenna The "orientation and motion control of the Soyuz and dock (Feoktistov
structure surrounding tile forward system" (Russian acronym SOUD) asserted that crews were trained for
end of the service module. The included "tl_e infrared plotter of the manual dockings, though events
instrument-servlce section had local vertical" and ion sensors, seemed to indicate this was not

electronic equipment in a lozenge- "gyroscopic angle gauges and always tile case).
shaped pressurized conialner, tile angular velocity gauges," the
main propulsion system ("rende?- rendezvous radio system providing The main propui_ion system propel°
w)as-correction Imwer plant.., with relative motion data during rendez- lant lanks used organic fihn (pins.
two engines Imain and backup]"), vous, optical and television visual tic?) membranes (bladders) to
dta:king and orientation engtne,_, tile orientation instruments, "calculating prevent pressurant from mixing with
large hull-mounted thermal cotnrol and commutation instruments," and propellant. The system consisted of
system radiator, batteries, and manual control and display systems, two ehgines (main and backup) with

, orientation system sensors ami 400 kg _,fthrust each. The backup
antennas. The most complex SOUD operations engine could fire only once, at full

.. involvedrendezvousanddocking, power.'l"heattitudeconradsystem

The SoyuzFerry-radiosystem Fcoktistovdescribedtheprocedure consistedof14lO-kgthrustdock_ag
transmitted and received voice, in some detail. At Soyuz.Ferry and orientation engines and 8
telemetry, television, and control launch, the target' ,yut orbited orientation engines with i kg of

" command communications. Corn- about 350 km high, in an orbit the thrust each, The main propulsion
munications were relayed through plane of which passed through system and the attitud_ _;ontrol
ground statiun.s and shipborne Baikonur Cosmodrom¢, the Soyuz system did not share the same

. tracking stations for periods ranging Ferry launch site. Launch occurred propellant supply on the Soyuz /
from minutes to tens of minutes. If as the station passed over the launch Ferry.
continuous telemetry were required, site. The ferry was inserted into a
onboard recorders could store data 190-200 km by 250-270 km orbit The launch control system controlled

: for playback when the spacecraft approximately 10,000 km behind the the descent capsule during return to
::_ was in range of a surface station, station. The ferry in its lower orbit Earth. Descent attitude control was

The Soviets also used shortwave caught up with the station. Up to provided by six engines with 15 kg "_t

: frequencies to transmit telemetry four orbital correction burns using of thrust each. At 12 km altitude the
._ data when out of range of a surface the main engine were made to match descent module speed was reduced j

tracking facility, altitude and speed near the station, to 240 m/see. Parachutes were
: _ When the Soyuz closed to within 25 stored in two separate covered /

• Propulsion, orientation, radio, life km of the Salyut, the automatic containers. The launch control [
,_ support, thermal control, electrical rendezvous phase of operations system controlled the main and

power supply, and descent systems commenced. The two vehicles backup parachute systems and the
:! were automated (through program- sensed each other and the automatic landing solid rocket motors.

timing devices) and could be rendezvous radio equipment (the Igla
-- controlled from the Flight Control system) switched on. The spacecraft The electrical power supply was

Center (Russian acronym TsUP) by maneuvered to keep their lgla based on chemical batteries during
: radio. Onboard manual controls antennas in line-of-sight so the autonomous operations. This

were also available. Automatic, Soyuz unitcouldobtain data on replaced the solar arrays of earlier
TsUP-operated, and onboard manual range, speed of approach, and Soyuz versions. After docking with
controls were all part of the onboard orientation. The control computer on the Salyut, Soyuz Ferry systems
complex control system, which the Soyuz Ferryoperated the main operated on electricity provided by

. included "logical devices, commuta- and docking and orientation engines the station's solar arrays. The station
tors, the electrical automation (for based on the input data. The also recharged the Soyuz Fer'V's

. connecting the electrical power automatic rendezvous phase termi- batteries while it was docked.
supply of the instruments and noted when the distance between the Electrical connections between
systems), the control panel, and the Soyuz Ferry and the Salyut station Salyut and Soyuz were maintained
command signal devices." While it dropped to 200 to 300 m. At that through plugs in their docking
was attached to the station, the point the docking phase began, collars.
condition of the dormant Soyuz Automatic control could continue up

" Ferry.was periodically checked by to "mechanical contact of the The thermal control system had two
the TsUP and by tile onboard crew. docking units" of the two craft, or main loops and one auxiliary loop.

the crew could take manual control The two main loops were connected

25 I '!

/ :._::_.......? -:_-......'_....................................

- 00000001-TSC13



-: Mir Hardware tlerifage

•"- through a liquid-liquid heat ex- not occupied by sensors, antennas, descent nodule landed in an
changer, l-lest was radiated into and engines (including those surfaces unlmPUl.led area were also part of

; space through radiator tuhes on the under the radiatorpanels on the the life supex)rtsystem. While the
: outside of the instrument-service service module) were ctwered with ", yuz Ferry was docked Io a Salyul,

module. These gave it its characWr- "packels of vacuum sllielded thermal the life support _ystcm was turned
istic rihhcd appearance, The insulation." off, An air duct (a ruhherized tahric

' auxiliary loop connected with the sleeve) was runfrom the Salyu_
Salyut thermal control system, it The life supt_)n system provided life tl_roughthe open hatch into the
maintained temperature in the Soy.z suplmn fin only a few days, it was Soyuz to ke_p its air from becoming
l_crrycrew c.mpartmem while it modified from the earlier Soyuz to stah:.
was docked to the station and suplxwt space suits, Emergency

:- powered dawn, Spacecraft surfaces supplies carried in the eveut that the

1.8.4 Soyuz Ferry Mission Descriptions

Dates arc launch to landing.

: 1.8.4.1 Soyuz Ferry Test Missions

. Cosmos 496 June 26-July 2, 1972

Unmanned test of the redesigned Soyuz. It did not dock with a space station.
Equipment for supporting two crewmen in space suits filled the space taken up

. by the third crewman on earlier Soyuz spacecraft. Cosmos 496 retained solar
, arrays._

•. Cosmos 573 June 15-17, 1973

Unmanned test of the Soyuz Ferry without solar arrays. It did not dock with a
space station,

Soyuz12 September 27-29, 1973

' Vasili Lasarev, Oleg Makarov
:.: Crew code name_Ural

First manned Soyuz Ferry flight. Its purpose was to thoroughly test the
redesigned Soyuz, It was not meant to dock with a space station,-_7

Cosmos 613 November 30, 1973-January 29, 1974

: Long-duration orbital storage test of the Soyuz Ferryin preparation for long
stays attached to a space station.

Soyuz 13 December 18-26, 1973

Pyotr Klimuk, Valentin Lebedev

Crew code namc_Kavkaz _

i:: This was a unique mission using a Soyuz spacecraft with solar arrays. There is
some question as to whether this mission should be grouped with the Soyuz
Ferries, Soyuz !3 was not intended to dock with a station--no Soviet stations

26

i

11

" 00000001-TSC14



1
Part ! Soyuz

1

were availableat the timeof its launch,and itcarriedno dockingapparatus.""
Scientificinstrumentslike those used on Soviet spacestationsfilled itsorbital
module(Oazis-2 plantgrowthunit)andreplaceditsdockingmechanism
(Orion-2telescope suite). Like the U.S. astronautsaboardSkylab,the Kavkaz
crewobservedComet Kohoutek.s_

1.8.4.2 SoyuzFerryMissionsto Sslyut3

For informationon Salyutoperationsduringthese Soyuz missions, see section 2.4.3.

_ Soyuz 14 July3-19, 1974

PavelPopevich,YuriAnyukhin
Crew code name--Berkut

Firstsuccessful Soviet missionto a space station. It dockedwithSalyut3 on
July4 and spent16 days in space.

i

Soyuz 15 August26-28, 1974

GennadiSarafanov,Lev Detain
Crew code namemDunay

Failedto dock withSalyut 3 afterits Igla systemmalfunctionedand the

cosmonautswere unableto guide the spacecraftto amanualdocking. Gyro- a
scopeproblemsnearlypreventedorientationofthespacecraftforthedeorbit

burn. Reentryhad to occurwithin2 daysof launch, lest Soyuz 15exhaustits
batteries. Landingoccurredatnight,in a lightningstorm. NeitherSarafanov
norDetainflew again. This wastakento implythatthey were punishedfor
poorperformance whichcontributedto mission failure. However,a recent /,
Russianreportvindicatesthe crew.o° /

a

Soyuz Ferry Missions to Salyut 4 t1,8.4,3

For information on Salyut operationsduringthese Soyuz missions, see section2.5.3.

Soyuz 17 January lO-February 9, 1975 i

Aiexei Gubarev,GeorgiGrechko
,-"_ Crewcode namemZenit |

First to visit Salyut 4. Landedin a fierceblizzard, i

"The April 5 Anomaly" April5, 1975

VasiliLas,_xev,OlegMakarov
Crew code name--Ural

DubbedSojnaz18ain the West. Duringascent, anelectricalmalfunctionin the
Soyuz boosterprematurelyfiredtwo of the fourexplosive latchesholdingthe
coreof the firststage and the secondstagetogether.This severedelectrical
connectionsnecessaryfor firing the remaininglatches. The launchescape

" systemand shroudcovering theSoyuz were discardedas normal. When the

27
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core first stage burned out it could not be cast off, Second stage, ignition
• occurred as normal, but the booster was rapidly dragged off course by the

/, weight of the spent core first stage. Wheti the course deviation reach 10°, the

il automatic safety system came into operation. It shut down the booster and
separated the Soyuz. At separation the Soyuz was i80 km high and moving at

,_'_ 5.5 km per second. The Soyuz turned around and fired its main engine against
the direction of flight to slow down, then discarded its orbital and service
modules. Reentry was brutal, with the cosmonauts experiencing up to !2-18
g's. They landed unhurt, however, in the eastern U.S.S.R. The flight lasted
only 21 rain, but 24 hr passed before the crew could be recovered. This was

: ....... the only suborbital flight of the Soviet manned space program. More impor-

, _ tantly, it was the only downrange abort in manned spaceflight history? L_2

- Soyuz 18 May 24-July 26, 1975

j_:: Pyotr Klimuk, Vitali Sevastyonov
' .:; Crew code-name--Kavkaz
[ : o"

Less than two months after "the April 5 anomaly," Soyuz 18 (Soyuz lgb in the
_ s _ West) docked with Salyut 4. Its crew spent 62 days aboard the space station.
_ .... They were in orbit while Soyuz 19 (called simply Soyuz during the mission)

._ conducted joint operations with the U.S. Apollo spacecraft, and twice ex-
,o , changed brief greetings with their colleagues.

1.8.4.4 Soyuz Ferry_Minions to Salyut 5
.b ,

For information on Salyut operationsduring theseSoyuzmissions,seesection2.6.3.

j ° SOyUZ 21 July 6-August 24, 1976

o'_ Boris Volynov, Vitali Zholobov /

' Crew codename--Baykal

i" Docked with Salyut 5 on July 7, 1976. The crew returned home after 49 days
<' in space.

.... $oyuz 23 October 14-16, 1976

- - Vyacheslav Zudov, Valeri Rozhdestvenski
Crew code name--Radon

Suffered an automatic docking system malfunction during final approach to
. Salyut 5. The cosmonautswere ordered to return to Earth. They had less than

2 days of battery power left and had already missed the landingopportunity for
that day, so they powered down systems to conserve power. A blizzard with

• squall force winds broke out in the landing zone, but the Soyuz capsule was
- designed to land in any weather. Reentry over North Africa was normal. The

Soyuz 23 descent module lowered in the dark on its single red and white

parachute, rocking as it encountered the high winds driving snow across the
•, landing area. The descent module splashed down in freezing water, sur-
" rounded by ice floes, 8 km offshore in Lake Tengiz. All recovery efforts were

thwarted. The cosmonauts bobbed in the capsule with systems shut off to save

: power. The capsule floated, and the pressure equalization valve above the

" 28
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- waterline provided air. They ate from their supply of emergency food and
donned emergency water survival suits, The next day a helicopter towed the

: capsule to shore with the cosmonauts still inside. They were unharmed by
their ordeal. _

Soyuz 24 February 7-25, 1977

Vikior Gorbatko,Yuri Glazkov
Crew code name--Terek

The Tereks spent only 17 days docked to Salyut 5, which had nearly depleted
" its propellant supply.

• 1.8.4.5 Soyuz Ferry Missions to Salyut 6

For informationon Salyutoperationsduring theseSoyuzmissions,seesection2.7.3.
!.

i i' - - Soyuz 25 October 9-11, 1977
Viadimir Kovalyonok,Vaieri Ryumin

'_ Crew code name--Foton
_b

• Docked with Salyut 6 on October 10, 1977, but its crew was unable to corn-

:, plete hard dock. It was able to inserttts probe into the drogue assembly, but i,
could not secure the latches in the docking ring to create an airtight seal. After

_:: four docking attempts, Soyuz 25 backed away from the station. Three orbits _
_ later, it again failed to hard dock. Mission rules specified immediate prepara- It

tions for return to Earth because of the limited lifetime of its batteries. Insuffi- ][
cient propellant remained for docking at the Salyut 6 aft port. Suspicion fell on ?

• .! the Soyuz 25 probe docking unit as the cause of the failure. Because the /'
orbital module was discarded at reentry, it was impossible to inspect the unit to •

confirm that it caused the trouble.

i• Soyuz 26 December 10, 1977-January 16, 1978

. Launcherew--Yuri Romanenko,GeorgiGrechko

Crew code name--Tamyr ;
I

Landing crew_Vladimir Dzhanibekov, Oieg Makarov
i ,:: Crew code name--Pamir J

: Dockedattheaftport.Itscrewinspectedthefrontportdrogueunitandfound

no abnormalities, increasing suspicions that the Soyuz 25 docking apparatus
• caused its docking failure. The Soyuz 26 crew remained aboard Salyut 6 for
• 96 days, surpassing the spaceflight endurance record set by the third manned

Skylab mission. Their spacecraft returned to Earth before that, replaced by
Soyuz 27 after about 60 days docked to Salyut 6.

.... 29
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Soyuz 27 January 11-March 16, 1978

Launcherew--Vladimir Dzhanibekov,Oleg Makarov
Crew codename--Pamir

l.anding crew--Yuri Romanenko, Georgi Grechko
Crew code namc--Tamyr

Docked with the Salyut 6 front port, confirming that the-port functioned
normally. This marked the first time two Soyuz craft were docked to a station

::_ at the same time• The two guest cosmonauts transferred their custom-molded
: couch liners from Soyuz 27 to Soyuz 26. They returnedto Earth in the older

craft, leaving the long-duration crew a fresh spacecraft. This was the first of
:: many times the Soviets swapped spacecraft in orbit.

, $0yuz 28 March 2-March 10, 1978

i Alexei Gubarev, Vladimir Remek/Czechoslovakia
Crew codename--Zenit

Carded the first non-U.SJnon-Soviet space traveler, Remek, who was also the
• first cosmonaut-researcher to fly as partof the international Intercosmos

program.

'{

:i Soyuz 29 June 15-September 3, 1978 l

:> Launch crew--Vladimir Kovalyonok, Alexandr Ivanchenkov
• : Crew code name_Foton

i_ Landing crewmValefi Bykovsid, _igrnund Jahn/E. Germany
Crew codename-Yastreb /

'1

Fotoncrew spent140 dayson Salyut 6. The Yastrebslaunchedto Salyut6 in
i
_ Soyuz 31 and returned to Earth in Soyuz 29.

,. Soyuz30 June 27-July 5, 1978 ,i
6

Pyotr Klimuk, Miroslaw Hermaszewski/Poland
• Crew code name--Kavkaz

'_' I
: lntereosmos flight to Salyut 6.

!

Soyuz 31 August 26-November 2, 1978 /

Launch crew--Valeri Bykovski, Sigmund Jahn/E. Germany I
Crew code name_Yastreb

Landing crew--Viadimir Kovalyonok, Alexandr Ivanchenkov
Crew code name--Foton

Carded first German space traveler, paired with veteran cosmonaut Bykovski

(he flew solo in Vostok 5, June 1963). After the Yastrebs departed from Salyut
6 in Soyuz 29 on September 3, the Fotons transferred Soyuz 31 to the Salyut 6

30 t "',"
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front port. Moving a replacement Soyuz to the front port became standard
procedure; it freed the aft port for Progress supply ships.

Soyuz 32 February 25-June 13, 1979

Launch crew--Vladimir Lyakhov, Valeri gyumin
Crew code name--Proton

Landing crew--none

_+ Its long-duration crew spent 175 days on Salyut 6. Less than 2 months into
their stay, Soyuz 33 failed to dock 15ecauseof a main engine malfunction.
Soyuz 32 returned to Earth unmanned with a cargo of experiment results and
equipment no longer in use after Soyuz 34 had docked unmanned with Salyut 6

; to replace it.

$oy.Mz_33 April 10-12, 1979

Nikolai Rukavishnikov, Georgi Ivanov/Bulgaria
Crew code name--Saturn

, Failed to dock with Salyut 6. Fired its main engine while closing to within 4

km of the station. The burn, the sixth of the flight, was to have lasted 6 sec,
but the engine shut down after 3 sec. The Igla docking system also closed
down. The Proton crew aboard Salyut 6 reported flames shooting sideways

._ from the main engine, toward the backup engine, at the time of the shutdown.
,. The docking was called off and the Sat'urnsmade ready to return to Earth. The

backup enginefired,but did notshutoff at theend of theplas'.ned188-see
burn. Rukavishnikov, uncertain if the engine operated at the proper thrust, _;
determined to let it burn an additional 25 sec before shutting it down manually. /

As a result, Soyuz 33 made a steep ballistic reentrywith gravity loads up to I0 /
g's, Because the service module was discarded after deorbit bum, examination _.

' of the failed engine was impossible. The Soyuz 33 crew was to have traded its [i
spacecraft for Soyuz 32.e`

__.. Soyuz _ June e-August 19, 1979 ,;

• Launch crew--none ;_

,,, Landing crew--Viadimir Lyakhov, Valeri Ryumin
_ ' Crew codename--Proton

i

• Launchedunmannedto replaceSoyuz32 following the Soyuz33 failure.
_ Soyuz 34 included main engine modifications made to prevent a recurrence of

the So_z 33 failure.6s "
4

-- Soyuz 35 April 9-June 3, 1980

Launchcrew--Leonid Popov,Valeri Ryumin
Crew codename--Dneiper

31
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Landing crew--Valeri Kubasov, Bertalan Fatkas/Hungary
Crew code name--Orion

Returncd4o-i/arth carrying the crew launched on Soyuz 36.

Soyuz 36 May 26-July 31, 1980

Launch crew_ValeriKubasov, Bertalan Farkas/Hungary
Crew code name--Orion

Landing crew--Viktor Gorbatko, Pham Tuan/Vietnarn
.... Cmw-.code name--Terek

Hungarian Intercosmos mission. Postponed from June 1979 after the Soyuz 33
main engine failure. Kubasov and Farkas traded their spacecraft for Soyuz 35.
Soyuz 36 was later traded for Soyuz 37.

: Soyuz 37 July 23-October 11, 1980

,'- Launch cmw--Viktor Gorbatko, Pham Tuan/Vietnam

Crew code name--Terek I

=" ? Landing crew--Leonid Popov, Vaieri Ryumin
Cmw code name--Dneiper

Intercosmosmissionto Salyut6. Returnedthe Dneiper long-durationcrew
::' launched in Soyuz 35 to Earth. :_

:1
_'" t,

,,!.. Soyuz 38 September 18-26, 1980 /_

Yufi Romanenko, Amaido Tamayo-Mendez/Cuba /

' Crew code name_Tamyr 1% ! ,

Intercosmos mission to visit the Dneipors on Salyut 6.

_== Soyuz 39 March 22-30, 1981 ,_

Vladimir Dzhanibekov, Judgerdemidiyin Gurragcha/Mongolia ii
Crew code name_Pamir

|AIE "-

.... _ , Intercosmos mission to Salyut 6. The Soyuz 39 crew visited Vladimir

• Kovalyonok and Viktor Savinykh, who were delivered by the Soyuz-T 4
spacecraft.

-- ,y,

: $oyuz 40 May 14-22, 1981 '

:- Lconid Popov, Dmitru Prunariu/Romarda
Crew code namc--Dneiper

1 Last Soyuz Ferry flight; ended the first phase of the Intercosmos program,
which concentrated on placing citizens of Soviet bloc states into space. In all,
nine Intercosmos missions were launched between 1978 and 1981.ss
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1.9 ASTP Soyuz
(1974-197S)

: ASTP Soyuz (figure 1-21) was the
Soyuz Ferry modified to carry out
the specialized mission of docking

' with a U,S. Apollo spacecraft in
" Earth-orbit.

_ : - Figure 1-21. Apollo-Soyuz Test Project (ASTP) Soyuz. The APAS-
75 dockingunitis locatedat left.

/
• I i

_ " 1.9.1 ASTP Soyuz Specifications

:: Launch weight (Soyuz 19) ....................... 6680 kg
Launch weight (Soyuz 22) ....................... 5510 kg

Length (Soyuz 19) .................................... 7.48 m
Length (Soyuz 22) ....................................7.6 m

_ Span across solar arrays ........................... 8.37 m
° Diameter of habitable modules ................ 2.2 m

Maximum diameter .................................. 2.72 m
;=:- ', Habitable volume ..................................... about 10 m3
_: : Number of crew ........................................ 2

. -_. ,

: i

: ' 1.9.2 ASTP Soyuz Notable • Advanced solar arrays. U.S. and Soviet engineers jointly

.... Features • Modified life support systems developed the system for ASTP,
!_- _ capable of supporting four crew. APAS is the acronym for the
_ _ This was necessary for Apollo English translation, "androgynous: . Soyuz 22, the backup to the Soyuz, o ,

= o, _ 19 ASTP Soyuz which docked with crew visits to Soyuz, and also in peripheral assembly system," and
Apollo, did not incorporate all these the event that Soyuz had to pull the number is the year of its first

: notable features. Some may also away from Apollo with two use in space,
have been absent from the Cosmos Americans aboard. • Modified coloration for compat-

• 638 and Cosmos 672 ASTP Soyuz • APAS.75 androgynous ducking ibility with Apollo rendezvous
spacecraft; nonetheless, the ASTP unit (figure 1-22) compatible with sensors,

' _ Soyuz was generally associated with the unit on the docking module. • Improved control systems.
the following notable features:
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• Docking tone ranging system and
light beacons compatible with
Apollo.

,4

• Antennas and UHF--air-to-air
: radio equipment compatible with

Apollo. Also radio equipment
permitting relay through the U.S.

.. ATS-6 satellite.
• Standard Soyuz launch shroud

! modified to protect the outward-

facing guides of the APAS-75
docking unit.

Figure 1-22. APAS-75 clockingunit. Unlikepreviousdockingsystems,
_ bothunitscouldassumetheactiveor passiverolesas required. For

docking,the spade-shapedguidesofthe extendedactiveunit(right)
andthe retractedpassiveunit(left) interactedfor grossalignment.The

• - ringholdingthe guidesshiftedto alignthe active unitlatcheswiththe
passiveunitcatches. Afterthese caught,shockabsorbersdissipated
residualimpactenergyintheAmericanunit;mechanicalattenuators
servedthe same functiononthe the Sovietside. The activeunitthen

: retractedto bringthe dockingcollarstogether. Guidesandsocketsin
•" the dockingcollarscompletedalignment. Fourspringpush rodsdrove

the spacecraftapartat undocking.The passivecraft couldplaya
- modifiedactiverole inundockingif theactivecraft couldnotcomplete
" the sta,+;derdundockingprocedure. Pyrotechnicboltsprovidedbackup.

+

-. ].
J

,/

"! 1.9.3 ASTP Soyuz Mission Descriptions t!

.;. Dates arc launch to landing, r_

Cosmos 638 April 3-13, 1974 '_P

: Unmanned test of the ASTP Soyuz. Carried APAS-75 androgynous docking ;
-_.-I- system.
,y

= Cosmos 672 August 12-18, 1974 i

Unmannedtestof theASTP Soyuz. CarriedAPA$-75 androgynousdocking *,i
system.

Soyuz 16 December 2-8, 1974

r_ Anatoli Fililx:henko,Nikolal Rukavishnikov
Crew code name--Burma

I

,: Manned test of the ASTP Soyuz. Carried the APAS-75 androgynous docking
system.
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Soyuz 19 July 15-July 21, 1975

Aiex¢i Looney, Valeri Kubasov

Crow code nanle--Soyuz

Docked with Apollo through the intermediary of a docking module using the
APAS-75 unit on July 17, 1975 (figure !-23). Soyuz 19 was officially referred

• to as Soyuz, just as the Apollo craft used was simply called Apollo (while some
• sources refer to the craft as Apollo 18, this was not the official designation).

The craft undocked on July 19, redocked for 3 hours, then separated to conduct
...._. independent operations. Apollo landod after Soyuz, on July 24, 1975.

. Soyuz 22 September 15-23, 1976

Valeri Bykovski, Vladimir Aksyonov
Crew code name -Yastreb

Flight of the backup ASTP Soyuz. In place of the APAS-75 androgynous
: docking system or other docking apparatus, it carried an East German MKF-6

camera. It operated in a 64.75 ° orbit to improve its abilities as an Earth
• observation platform.

.*

. /

*

£

Figure1-23. Apolloand Soyuzjoin inspace. Note the dockingmodule
(DM) attachedto Apollo'snose. The DM was storedfor launchwithina
shroudbetweenthe CSM andthe S-IVB secondstageof the Apollo
SaturnIB launchvehicle, InorbittheApolloInserteditsprobeunitinto
the standardApollodrogueunitofthe dockingmodule,extractedthe
DMfromthe S-IVB, thenperformedrendezvousand dockingwiththe
Soyuzspacecraft.

I I I
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1.10 Progress , ,
(1975-1990) / ,.
Progress (figure 1-24) was an
unmanned version of the Soyuz
Ferry designed to perform logistics
resupply of the Salyut 6, Salyut 7,
arm Mir space stations. Progress
missions l through 12 carried
supplies to Salyut 6. Missions 13
through 24 visited Salyut 7, as did

_' the unusual Progress-related Cosmos

i 1669 mission. Progress missions 25
through 42 served the Mir station.
The first 17 Progress missions to Mir
delivered 40 tons of supplies, about
double the station's launch weight.

" Most Progressspacecraftfunctioned Figure1-24. Progresslogisticsresupplyspacecraft. It
routinely,asexpectedof a logistics consistsof the drycargomodule(left);the tankercompartment

• , spacecraft.No dockinganomalies (center);and a stretchedservicemodule(right).
occurredin the 43 flightsof Progress ' "

• (Progress 1 through 42 plus Cosmos
:, 1669).

' 1.10.1 Progress Specifications

": Launch weight .......................................... 7020-7240 kg _" Weight of cargo (Progress 1-24) ............... about 2300 kg qk

Weight of cargo (Progress 25-42) ............. about 2500 kg _
: Length ....................................................... 7.94 m /
, Diameter of cargomodules...................... 2.2 m ,'

- Maximum diameter .................................. 2.72 m 1

Volume of cargo compartment ................. 6.6 m_ l
!.

; 1,10,2 Progress Notable • No part of Progress was designed Feoktistov stated that Progress
Features to be recovered. At the eonclu- constituted an alternative to building

:"- sion of its space station resupply reusable ("multiple use") logistics
mission, a Progress freighter was vehicles. A reusable vehicle, he

: • Launchedon a Soyuzrocket intentionallydeorbitedover the asserted,wouldbe 1.5 to 2 times
under the same type of shroud as Pacific Ocean, where any pieces heavier empty than the equivalent

,.. the Soyuz Ferry, but with no which survived incineration could expendable logistics craft. This
escape systems, fall harmlessly, would call for a booster nearly as

• • Always docked with the aft port large as the three-stage Proton rocket
used to launch Salyut. "If we are

of its station target. 1.10.3 Progress Detailed talking about an economically
• Soyuz descent module replaced Description effective earth-orbit-earth transport

by tanker compartment, an system," Feoktistov continued, "then
assemblage of tanks in an
ut_pressurizedconical housing. Spacecraft designer Konstantin it appears expedient to build a fully
The pressurized orbital module Feoktistov published a brochure in multiple use complex, not only the

: carried dry cargo. The crew could !980 in Moscow in which he spaceship, but also the booster
enter the orbital module to unload described Progress in some detail.67 rocket." This would take too much

: dry cargo, but had no access to A summary is given below, time; therefore, "when designing the
Progress spacecraft the decision was

• the tanker compartment, made to make it single-use and to

36 ,.

_,-, CAt .... ", - . _ .......... _ -.......

00000001--I'$D10
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utilize the... Suyuz rocket to insert docking collar for propellant transfer the fuel system and to purge it of
it [into orbit[." to corresponding connectors in the residual propellants. This prevented

station collar. Three television propellants from spilling on the
The Progress orbital module ('cargo cameras were carried near the docking apparatusand being
bay") was two hemispheres welded docking unit. accidentally introduced into the
together through the intermediary of station.

a shun cylindrical section (very The tanker comp_ment carried two

similar to the Soyuz orbital module), tanks each of UDMlt and N20+. Control equipment normally located
The forward hemisphere contained Feoktistov stressed that these in the Soyuz orbital and descent

: the docking unit and the pun propellants were "chemically modules was placed in the service
connecting the orbital lhodule to the aggressive andpoisonous to man." module of the Progress spacecraft.
space station. Unlike Soyuz, To avoid spillage into the pressurized The service module also carried

:' Progress had no hatch in the aft volumes of the station o: the supply equipment for controlling propellant
' hemisphere. The orbital module ship, fuel lines from the transfer. Progress had mounted to its

contained a supporting framework to unpressurized tat:ker compartment service module two infrared local
which large equipment (such as air ran along the exterior of the Progress vertical sensors (horizon s_nsors)
regenerators) was attached. Small orbital module, through the ducts in and two ion sensors for its guidance
items were packed in bins. the docking collar, then into the system. Soyuz, by contrast, had one

unpressurized section containing the ion sensor and one infrared horizon
The probe and drogue docking unit main propulsion system, which was sensor, Redundancy was provided

_: used on Progress resemlzlcd the located around the intermediate because Progress was a wholly
Soyuz unit. The chief difference was compartment at the aft end of the automated craft. The Progress

" provision of two dueted mating space station. The tanker compart- service module was longer than the
:, connectors (one each for UDMH fuel ment also carried tanks filled with Soyuz modUle because of the extra
• and N204 oxidizer) in the Progress nitrogen to serve as pressurant for equipment it carried.

,, +:] I,

,t'+1.10.4 Progress Mission Descriptions

, Datesarelaunchtoreentry. /
I

1.10.4.1 ProgressTestMissionto Sslyut4 _

, For information on Saiyut operations during this Progress-related mission, see section 2.5.3.

il. ,i

Soyuz 20 November 17, 1975-February 16, 1976 ,_

I+ Speaking at Johnso, Space Center in late 1974, Viadimir Shataiov, head of
+ cosmonaut training, stated that an unmanned "cargo Soyuz" was under

: development, e_ Referring in 1976 to the Soyuz 20's docking with Salyut 4, i
';i former cosmonaut and Salyut designer Konstantin Feoktistov stated that "the

.... : successful link-up of the unmanned spaceship with the operating station opens (
up real opportunities for a more economical organization of space research.
For instance, in case of necessity we could launch into orbit scientific equip-
ment or food reserves or drinking water." Elsewhere, Feoktistov stated that

: Soyuz 20 "was docked with the station in order to perform long-term resource
tests on the spacecraft under orbital flight conditions in the station make-up.'_

. Soyuz 20 carded in its descent module biological experiments complementing
those on the joint Soviet-U.S. Cosmos 782 biosatellite. These were returned to

Earth for study: °

37
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1.10.4.2ProgressMissionsto Salyut6

For information on Salyut operations during th_se Progress missions, see section 2.7.3.

: Progress I January 20-February 8, 1978

Can he seen as a prototype for subsequent Progress missions. Progress !
docked with the aft port of the Salyut 6 space station on January 22. The aft
port carded fixtures for transferring fuel and gases from Progress to tile station.
The crew vented air from Progress I's tanks into the station, and unloaded

:! nearly 1300 kg of food, replacement parts, scientific instruments, and other
T supplies from the orbital module. They then worked in concert with the TsUP

to pump fuel and oxidizer into Salyut O. Propellants were pumped into each
separate tank in turn. After refueling was complete, but while the Progress and

• station were still docked, the propellant lines linking Progress and Salyut were
vented to space to prevent residual propellant from contaminating the station's

i docking surfaces. After that, they loaded the orbital module with refuse. On
February 5 and 6, Progress l's engine was used to make adjustments to Salyut

• 6's orbit. On February 6, Progress 1 backed away from Salyut 6. A deorbit
bum took place over the U.S.S.R. on February 8, followed by destructive

. reentry over the Pacific Ocean.

Progress 2 July 7-August 4, 1978

': Progress 3 August 7-23, 1978 i,

Progress 4 October 3-26, 1978
?

Progress 5 March 12-April 5, 1379
• J'

_i Served as a receptacle for contaminated fuel from the damaged Salyut 6 Ii
propulsion system. t

i,

.. Progress 6 May 13-June 9, 1979

' Progress 7 June 28-July 20, 1979

•,_; Deliveredthe KRT-10 radiotelescope,which wasdeployedfrom the rear port
• of Salyut 6 after Progress 7 backed away. Cameras on Progress 7 televised

deployment.

Progress 8 March 27-Aprtl 28, 1980 "1

i

IProgress 9 April 27-May 22, 1980

Before Progress9, cosmonauts carried water into Salyut stations in 5 kg
bottles. Progress 9 was the first to pump water directly into the new Rodnik

system tanks aboal_l Salyut 6. _

Progress 10 June 2g-July 19, 1980

38
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Progress 11 Septemberfir-December 11, 19fl0

: Progress 12 January24-Mar_h 20, 1981

1.10.4.3 Progress Missions to Salyut 7

,. For information¢m_alyutolx_rationsduringtheseProgressmissions,seescctmn2,8.3,

Progmu 13 May 23-Jurl¢6, 1982

: Prog_lkl_4_Juty 10-August13, 1982

Progress 15 September18-October16, 1982

Progress 16 October31-December14, 1982

Progress 17 August17-September18, 1983

Progress 18 October20-November16, 1983

:. Progress 19 February21-April1, 1984

Progress 20 April15-May7, 1984 ?

i

._ Deliveredpa,'lsandtools forthe Salyut7 propulsionsystemrepair,including t
• some incontainersattachedto the outerhull of the spacecraft. In addition,

Progress20's orbitalmodulewasequippedwithfoot restraintson anextension /
to which thecosmonautscouldaffix themselvesduringthe repairof Salyut7's |
damagedpropulsionsystem.

_ Progress 21 May 7-26, 1984

_" Deliveredthesecondsetofthreesolararrayextensionstobeaddedtoattach-
mere pointsprovidedon the existingSalyut7 solararrays.The first set was

! delivered by Cosmos 1443. The thirdandfinal set was delivered by Progress
,' 24.

ii Progress 22 May 28-July 15, 1984 i

Progress 23 August14-August28, 1984

Progress 24 June 21-July15, 1985

DeliveredreplacementpartswhichhelpedarepaircrewrescueSalyut7,which
had lost power and frozen. See Progress 21.

39
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Cosmos 1669 July 1g-August 30, 1985

1' Docked with Salyut 7 on July 21, At the time of it_ launch, some western
analystscalledCosmos lflfl9 a tre¢ flying platf(irmresemblingPr(_grcss._:
! Iowever, it is nt)w known Ihe spacecrafllustedimprovementssuhsequenlly
applied to increase lh¢ carg¢}load of Mir's Progress spacecraft (Progress 25-

: 42),n DeliveredspacesUilSto rel:lace |h(.I.";¢damagedwhen Salyul 7 lmze,

: 1.10.4.4 Progress Missions to Mir

Far information mi Mir operations during these Progress missions, sue section 2.9.3,

• Progress 25 March 1g-April 21, 1986

First Progressspacecraftto dock with Mir. It was launcheds(xm at'tot;theMir
: base block because the base block carried rations for only 20 days? _ It marked

:. an increase in Progress launch w_:ight to 7240 kg. Maximum cargo load
increased to about 2500 kg, with up to 1400 kg in the orbital module and 1200
kg in the tankage compartment.

Progress 26 April 23-June 23, 1986

" Progress 27 January 16-February 25, 1987 1

_, , Progress 28 March 3-28, 1987

Delivered the usual supplies of food, water, fuel, and scientific equipment to
• Mir. After the spacestationcrew filled it with refuse,it backedaway and

deployed a large (60 m) antenna for geophysical experiments. According to
the Soviets, the assemblage was also a prototype of future space structures. A

•_ similar experiment was performed on Progress 40 (February 10-March 5,
1989).

I

: "- Progress 29 April 21-May 11, 1987

First Progressto dockwiththe Kvant rear pert.

-" Progress 30 May 1g-July lg, 1987

: .,

Progreu 31 August 3-September 23, 1987

Progreu 32 September 23-November 19, 1987

Undocked on November 10 for maneuevedng tests lasting i.5 hr, then
redocked. The tests were aimed at developing means of reducing propellant
use during approach maneuvers. Undocked for final time November !7.

Progress 33 November 20-December 19, 1087

4O
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Progress 34 January20-March4, 1988

Progress 35 March23-May5, 1988

Progress 36 May 13-June5, 1088

Progress 37 July 18-August12, 1988

Progress 38 September9-November23, 1988

Progress 39 December25, 1988-February7, 1989

Greaterthanaverage solaractivityhastenedthe decw of the Mircomplex from
orbit. The engineandfuel supplyof this Progresswereused to changeMir's
orbital parametersto 340 km by 376 km, from325 kmby 353 kin. According
to Sergei I_ikalev, onboard thestationatthis time, thealtitudechange was not
noticeablef_omMir'sviewports.7_

Progress 40 February10-March5, 1989

'. -- SeeProgress28entry.

Progress.4:l---- -- March 16, 198g-April25, 1989

_.. Many Progressmissionsserved a psychological purposeas well as a logistics ?I

one. Psychologists in groundcontrolhada bandin choosingmorale-boosting _ i
heats for the spacestationcrew. In addition,Progresscargoes usuallyincluded /'

mail from lovedonesandnewspapers.Progress41carriedto Mir postcards /
_. commemorating the 30th anniversaryof Lun_1 (launchedJanuary2, 1959), ' t
•, the first probeto pass near the Moon. A possible main engine failure pre.
". ventedProgress41 from makingthe usualcontrolleddestructivereentryat the

end of its mission. Itunderwentuncontrolledreentryon April25, 1989._a

(

.... _ Progress 42 May 5-May 27, 1990
'.

Last of the old Progress resupplyships. Progress42 was designedto interface
withthe lgla approachsystemand theArgon 16B orientationcontrolsystem

- launched with Mir. For this reason, usingthe spacecraftcontributedto delays
' in integrationwith the Mir complexof the new Salyut5B orientationcontrol

'. computerdelivered with the Kvant 2 module.
; !

• 41 .,
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l.lO.S Progress-Derived Space Station Modules

Dates arc launch to reentry.

Gamma July 11, 1990-February 28, 1992

Mir space station modules are based on TKS transport vehicles originally
desigued for the Almaz military space station program {see Part 3, "Space
Station Modules," and section 2. ! .2). Prior to the decision to convert the TKS

into space station modules, work was underway to develop Progress-derived

• ': space station modules for Mir. The first, Gamma, was launched on July !1.
1990. It flew as an independent astrophysical research satellite (figure !-25); it
was not intended to dock with a space station. The docking system which
would have made it part of a muitimodular space station was replaced by a
housing for two telescopes in the flown version. Ganuna weighed 7.32 tons,
and carried 1.7 tons of scientific gear. The Gamma- 1 gamma-ray telescope
alone weighed 1.5 tons. The spacecraft carried solar arrays with a total area of

. 36.5 m2, providing maximum power of 3.5 kW. The arrays, unlike those of
Progress and Soyuz, were driven by electric motors to maintain their lock on

the Sun. It was intentionally deorbited at the end of its mission. No module of _!
this type has ever docked with Mir, though modules with similar designs have
appeared in drawings of Mir's proposed successor, Mir 2.". _s

-i l

t'

6
Figure1-25. Progress-basedGammaastrophysical _1researchsatellite.
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1.11 Progress-M
(1989-Present)

Progress-M (figure 1-26) is the
Progress logistics resupply space-

: craft upgraded by incorporating
Soyuz-TM technology and other

: " improvements.

5

.,.,

,. Figure1-26. Progress-Mlogisticsresupplyspacecraft.
I I

1.11.1 Progress-M Specifications _

_" Launch weight .......................................... 7130 kg
_ Weight of cargo (maximum) .................... 2600 kg (maximum)

• Weight of dry cargo (maximum) .............. 1500 kg (maximum)
• Weight of liquid and gaseous

cargo (maximum) ..................................... 1540 kg"(maximum)
.\

, Length ....................................................... 7.23 m
•_- Span across solar arrays ........................... 10.6 m

Volume of dry cargo compartment ........... 7.6 m3

Diameter of cargo modules ...................... 2.2 m j

, Maximum diameter .................................. 2.72 m ,/7.

_, "Includes 200 kg of propellant transferred to Mir from Progmss-M propulsion
• system.
+

,[

.:. 1.11.2 Progress-M Notable marketingpurposes,Thecapsule
Features is carried in the Progress-M dry

cargo compartment. At the
beginning of Reduga's returnto

• : • Independent flight time of up to Earth, tile Progress-M completes
30 days (10 times longer than the its deorbit bum. At an altitude of

Progress 1 through 42 spacecraft), about 120 ._an,the capsule

: • Increased cargo load delivered to separates. The Progress-M
Mir(onaverage, about 100 kg undergoes destructive reentry,
greater than carried by Progress while the capsule makes an intact
25 through 42). reentry, with landing and recovery

•i .i..,,. _ • Return payload capability when in central Asia. Raduga is used to

equipped with Raduga ("rain- t_tum up to 150 kg of payloads to
bow") ballistic return capsule Earth two or three times each
(figure 1-27). The Russians use year. Each Raduga capsule is

about 1.5 m long, is 60 cm inFigure 1-27. Ballistic returncapsule this capsule to return small,

(Raduga)duringfinaldescentto valuable payloadsfrom Mir. It diameter, andweighs about 350
Earth. kg empty. Use of the Raduga

was named Raduga largely for
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ballistic return capsule lowers * Ability to transfer excess propel- * Solar arrays like those on Soyuz-
Progress-M cargo capacity by lant (up to 200 kg) in Progress-M TM. While docked, its solar
about i00 kg, to a maximum of service module to Mir, or transfer arrays augment Mir's electrical
about 2400 kg. Progress-M 5 propellant from Mir to Progress- supply.
carried the first Raduga capsule. M service module.

,--Ability to dock and transfer ,--Kurs rendezvous and docking
propellant at the Mir front port. system (same as Soyuz-TM).

: 1,11,3 Progress-M Mission Descriptions

All Progress-M resupply ships docked with Mir. For information on Mir operations during these Progresss missions, see
sections 2.9.3.5 tl'a'ough2.9.3.18. Dates are launch to reentry.

Progress-M 1 August 23-December 1, 1989

First Progress-typevehicleto dock at the front portof a Sovietspacestation. ,,

,i

Progrese-M 2 December 20, 1989-February 9, 1990 _1i

Delivered to Mira protein crystal growth experiment built by Payload Sys-

•_ terns, Inc., a private U.S. firm.

i,

Progreee-M 3 February 28-April 28, 1990

Progrees=M 4 August 15-September 20, 1990
/After unloading itscargoandloadingthe cargocompartmentwith refuse,the

Mir cosmonautsinstalledon Progress-M4's dockingunit a devicefor produc- ,/
ing plasma. After undocking from Mir's front port, Progress-M 4 spent 3 days _
releasing plasma, while the cosmonauts on Mir observed and recorded. t
Progre_-M § September 27-November 28, 1990

First Progress-Mequippedwith a Radugapayload returncapsule.

,-., Progrees-M 6 January 14-March 15, 1991 i
II

Progmse-M 7 March 19-May 7, 1991 i

The ability to dock at the front pert stood it in good stead when damage to the
Kurs antenna at the Mir aft pen prevented it from docking there. After Soyuz-
TM 11was moved manually to the rear port, the Progress-M 7 spacecraft
moved to the front port and docked there instead. Its Raduga recoverable
capsule was lost during reentry.

Progress-M 8 May 30-August 16, 1991

Deployed a balloonfor experimentsafter undocking.

-- I

B
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Progress-M 9 August20-September30, 1991

Launched withoutincidentduringthecoup d'etatagainstMikhailGorbachev's
government. ReturnedRadugacapsule.

Progmss-M 10 October17, 1991-January20, 1992

. Docking wasdelayed2 daysfrom October19 by a rendezvoussoftware
problem. Docking occurredOctober?T. ReturnedRadugacapsule.

3'.

Progmss-M 11 January25-March13, 1992

;- ReturnedRadugacapsule.

.i

Pr_Ireee-M 12 April19-June27, 1992

,_ Progr..ese-M13 June 30-July24, 1992

I Docking was delayedby 2 daysbecauseof a rendezvoussoftwareproblem. _;
, Docking occurredon July4.

l.... Progress-M 14 August15, 1992-October21, 1992

:: Featureda modifiedtankercompartmentsupportinga frameworkfor the VDU ti
thrusterunit. ReturnedRadugacapsule.

' ?
Progreu'-M 15 October27, 1992-February7, 1993

/
DeployedZnamya ("banner"),a prototype solar reflector, from its (:argo

compartmentafterundockingin February.The solar reflectorwas thencast / ,i
off, and Progress-M15 was putthrougha seriesof maneuverscontrolledby
the cosmonautsinsideMir. A similarteleroboticscontrolexperimentused

_, Progress-M16. See also Progress-M24. ,

Progmes-M 16 February21-March27, 1993 ,i

'L !

Progrees-M 17 March31, 1993-March3, 1994

_ The Radugacapsulelaunchedin Progress-M17 was transferredto Progress-M
18. Progress-M17 remainedin orbitafterundockingfrom Miron September i

_- 13. 1993. Itsreentrypoint and trajectorywere unprecedentedin the Progress !

series,leadingsome to speculatethat it hadexperiencedan unplannedcontin- _igency. Reentryoccurredoff the southeastcoast of SouthAmerica,

Progmes-M 18 May 22-July4, 1993

Ret.,,medProgress-M17'sRadugacapsuletoEarth.

Progmse-M 19 August1O-October13, 1993

ReturnedRadugacapsule.
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Progrus-M 20 October 1l-November 21, 1993

Returned Radugacapsule,

: Progrue-M 21 January 28-March 23, 1994

[ Progre|s-M 22 March 22-May 23, 1994)

.. Progress-M 23 May 22-July 2, 1994

:; Carried 2207 kg of cargo. Returned Raduga capsule.

:.
Progreae-M 24 August 25-OctoDer 5, 1994

...... The mission was delayed from July by funding constraints. Originally

_=.' Progress-M 24 was to have been the first of two resupply craft received by Mir

Principal Expedition 16, but the second Progress was cancelled to save money 't_ , and its cargo combined with that of progress-M 24 or put on Soyuz-TM 19 in

_=_, place of Gennadi Strekalov. Progress-M 24 carded 230 kg of propellant, 420 ,_
_ kg of water, 639.3 kg of food, 276.5 kg of scientific equipment (including 140 _i

=-__-, kg of equipment critical for Euromir 94, scheduled for the following month, :

...... _ and 100 kg of NASA equipment), and 26 kg of documentation and "packages" I

' ..... (including mail and newspapers)-a total of about 2355 kg of cargo for Mir.
........ Total launch mass was about 7100 kg. Automatic docking at the front longitu-5'

' _ .... dinal port was aborted on August 27. The spacecraft drifted 330 km ahead of l,
____,i_: Mir while ground controllers loaded it with new rendezvous software. Dia'ing ,

_"i final approach on August 30, the spacecraft struck the forward docking unit ,'i
° = two to four times. It then drifted away. Ground controllers stated that the

' spacecraft carried sufficient propellant for at least two more dockingattempts.T On September 2 Yuri Malenchenko took control of Progress-M 24 using a
_,; panel in Mir. Piloting Pmgress-M to a successful docking by remote control .

was s_id to be very similar to piloting Soyuz-TM. To date (November 1994) /

_!! the Progress-M 24 problems have been variously attributed to software or Kurs f
_ electronics failures on Progress-M 24, or failure of control equipment in the

ii TsUP. For additional details, see section 2.9.3.17.

°_"--- Progreaa-M 25 November 13-

i
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1.12 Soyuz-T (1976-
198e)

Soyuz-T(figure1-28)replaced

SoyuzFerry.The "T"standsfor
transport. 3oyuz-T gave the Soviets
the abiiity to launch three cosmo-
nauts in a single spacecraft for the
first time since Soyuz 11 in 1971. It

:_._ was used with the Salyut 6, Salyut 7,
and Mir stations.

• Figure1-28. Soyuz-Tspacecraft.

+
., .Q

• • 1.12.1 Soyuz-T Specifications

Launch weight 6850 kg
:: Length ....................................................... 6.98 m

Span across solar arrays ........................... 10.6 m
Diameter of habitablemodules .................2.2 m
Maximum diameter ..................................2.72 m
Habitable volume .....................................9.5 ms &

- Number of crew ........................................ 2-3 t:
/L,

/

..+

!.
+ 1.12.2 Soyuz-T Notable supplies of N20 , and UDMH computer replaced the ground- .

_.. Features propellants, basedcomputersandground
• Orbital module was discarded measurement stations which had ,i

prior to deorbit burn to reduce the guided earlier Soyuz craft.
• Ability to carry three crew in mass of the Soyuz-T, resulting in Previous Soyuz spacecraft had ._

pressure suits, or two crew in a 10% propellant savings, relied on hard copy technical t'-' ; pressure suits and 100 kg of Occasionally the Soyuz-T descent documentation carried in the
additional cargo weight, and service modules detached descent module and data transmit-

• Solar arrays(similar to those on from the orbital module while it ted in verbal form from the TsUP |
the ASTP Soyuz) replaced was still attached to the Salyut. analysis group. Argon prepared

data which it simultaneouslyi batteries as the prinmry source of Typically the orbital module was
..... electrical power. These were then detached from the Salyut displayed on screens in the

smaller and more efficient than within a few hours, descent module and in the TsUP.
• In addition, control systems were

those used on the Original Soyuz • lgla approach system.
and Salyut 1-type Soyuz. s° upgraded to include integrated

• Chayka flight control system circuit chips, saving volume and
• "Unified" (integrated, or com- t/eaturing BTSVK digital corn- weight, m

bined) propulsion system: puter. The computer, also called • New main engine similar to that I

attitude control rockets and main Argon, had 16 kilobytes of RAM. used on Progress. Elimination of
engines drew on the same Under nominal conditions, the
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backupengine (with KDU formedon the portholesdunng importantfor the healthand
system, attitudethrusterscan reentryandpreventedcrews from safetyof the cosmonautsalter a

_ drawon main propellant supply lookingoutsideduringdescent long-durationflight.

andthereby deorbitSoyuz-T, andon the surface. • Sufficientlydifferentfrom the
removingthe needfora separate • A lighterlaunchescape system. Soyuz Ferrythat crews required
backupmain engine).

• Improvedtelemetrycapabilities, morethana year of special
•- Jettisonablecoversfor portholes trainingto be able to fly it. This

which permittedcrew to look out • Morepowerfullandlanding accountedin partfor the gradual
: of the spacecraftafterreentry.On system solid rocketmotors. This introductionof Soyuz-T,while

: :- earlierflights a black coating madefor-a-gentlertouchdown, Soyuz FerriescominuedltO-fly."2

._ 1.12.3 Soyuz-T Mission Descriptions
L

: : Datesarelaunchto landing.

: 1.12.3.1 Soyuz-T Test Missions,

...... Forinformationon Salyutoperationsduringthe Soyuz-T 1mission, see section 2.7.3.3.

i : i - Cosmos 1001 April 4-15, 1978

UnmannedSoyuz-T test.

Cosmos 1074 January 31-April1, 1979 ,

UnreturnedSoyuz-Ttest.
I
1

=_ii Soyuz-T 1 December16, 197g-March25, 1980 j

: DockedunmannedwithSalyut 6 on December 19, afterovershootingthe /
+ stationon December1g. '
i !.

- 1.12.3.2 Soyuz-T Missions to Salyut 6.i i:
z

:- Forinformationon Salyut operationsduringthese Soyuz missions,see sections 2.7.3.4 through2.7.3.6,

' Soyuz-T 2 June 5-9, 1980

_ YuriMalyshev,VladimirAksyonov
Crewcode name--Yupiter

i

FirstmannedSoyuz-T mission. Itscrew of two tookoverfromtheArgon
computersystemduringfinalapproachto the station,afterit committeda
guidancecontrolerror.

, $oyuz-T 3 November27-December10, 1980

LeonidKizim,OlegMakarov,GennadiStrekalov
Crew code name--Mayak

. First_oyuz since 1971to carrythreecosmonauts. Itconstituteda Salyut6
: refurbishmentmission,

48 ,:

+.,; :. + • ............. , + . . .

:. . ,. . • ............ : " " i:'- .........
" + . ............... ' ............................. _,m

00000001-TSE08



Part i Soyuz

p...

,_ Soyuz-T 4 March 12-May 26, 1981
•,.-- Vladimir Kovalyonok, Viktor Savinykh

--_:.. Crew codename--Felon

_:- Docking with Salyut 6 delayed after the unheard Argon computer determined it

['_ r would occur outside of radio range with the TsUE In mid-May, Kovalyonok
and $avinykh replaced the $oyuz-T 4 probe with a Saiyut drogue. This may
have been an experiment to see if a Soyuz.T docked to a space station couldr

,_4,t.,,

-_ act as a rescue vehicle in the event that an approaching Soyuz-T equipped with

_-,.,'7:: a probe experienced docking difficulties and could not returnto Earth,

1.12.3.3 Soyuz-T missions to Salyut 7

For information on Salyut operations during these Soyuz missions, see section 2,8.3.

• Soyuz-T 5 May 13-August 27, 1982

Launch crewwAnatoli Berezevoi, Valentin Lebedev J
Crew code name--Eibrus

i

• ' Landing crew--Leonid Popov,Aiexandr Serebmv,SvetlanaSavitskaya
: Crew code name--Dneiper

r_

First $oyuz to dock with Salyut 7.

Soyuz-T 6 June 24-July 2, 1982

._ ,_ Vladimir Dzhanibekov, Alexandr Ivanchenko, Jean-Loup Chretien/France /
Crew code name--Pamir

- Suffered Argon computer failure 900 m from Salyut 7. Commander Vladimir
• : Dzhanibekov took manual control and docked with the station 14 minutes

:_ ', ahead of schedule. The skill he displayed contributed to his being tapped for
the Soyuz-T 13 mission to rescue Salyut 7 in 1985, Chretien's launch marked

" the start of a new phase in the manned Intereosmos flights,

Soyuz-T 7 August 19-December 10, 1982

Launch crew_Leonid Popov, Aiexandr Serebmv, Svetlana Savitskaya
Crew code name_Dneiper

Landing crew--Anatoli Berezevoi, Vaientin Lebedev
Crew code name--Elbrus

Svetlana Savitskaya was the fi_t woman in space since Valentina Tereshkova
(who flew in 1963 on Vostok 6).

Soyu=-T 8 April 20-22, 1983

Vladimir Titov, Gennadi Strekalov, AlexandrSerebmv
Crew code name----Okean

"_ . __., - .
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First failure to dock at a space :_tationsince Soyuz 33 in 1979. When the
launch shroud separated from the booster, it took with it the rendezvous
antenna boom. The crew believed the boom remained attached to the

spacecraft's orbital module, and that it had not locked into place. Accordingly,
they shook the spacecraft using its attitude thrusters in an ,:ffort to rock it
forward so it could lock. The abortive docking attempts consunied much
propellant. To ensure that enough would remain to permit dcorbit, the cosmo-
nauts shut down the attitude control system and put Soyuz-T 8 into a spin-
stabilized mode of the type used by Soyuz F-crdos-inthe early 1970s. Landing

• • ' ' occurred as ilorm_,.-.--

m $oyuz'T 9" June 27, 1083.November 23, 1983

Vladimir Lyakhov,Alexandr Aicxandrov
" Crew code name--Proton

Its mission was heavily impacted by the Soyuz-T and Soyuz booster failures
which bracketedit.

Pad Abort September 26, 1983

- Vladimir Titov, GennadiStrekalov
" : Crew cod-,name---Okean

_ Refer to figure 1-29. Shortly before liftoff fuel spilled around the base of the

,_ Soyuz launchvehicleandcaughtfire. Launchcontrolactivatedthe escape _'
' system,bat thecontrolcableshadalreadyburned. The crew couldnotactivate ,,<

or control the escape system, but 20 sec later ground control was able to

,, activate the escape system by radio command. By this time the booster was |
: • engulfed in flames. Explosive bolts fired to separate the descent module from /
, the service module a_d the upper launch shroud from the lower. Then the ,
+ escape system motor fired, dragging the orbit_ module and descent module, /

_i encased within the upper shroud, free of the booster at 14 to 17 g's of accelera-
tion. Acceleration lasted 5 sec. Seconds after the escape system activated, the
booster e:_ploded, destroying the launch complex (which was, incidentally, the.,+

- ' one used to launch Sputnik 1 and Vostok 1). Four paddle-shaped stabilizers on
+,. the outsice of the shroud opened. The descent module separated from the
: orbital module at an altitude of 650 m, and dropped free of the shroud. It

discarded its heat shield, exposing the solid-fueled land landing rockets, and
deployed a fast-opening emergency parachute. Landing occurred about 4 km

+, from the iaunch pad. The aborted mission is often called Soyuz-T 10a in the
' West, This was the last failed attempt to date to reach a space station to date. s3

8oyuz-T 10 February 8-Apd111, 1984 ,_

• Launch ctew--Leonid Kizim, Vladimir Solovyov, Oleg Atkov
Crew cod,: name--Mayak

Landing crew--Vladimir Dzhanibekov, Svetlana SavitskL_ya,Igor Volk
Crew code name--Pamir

Called Soyuz-T 10b in the West.
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•': Figure1-29. Soyuzlaunchpad abortsequence. The modules 1t
'!i!, ofthe Soyuzspacecraftare shownbeneaththe launchshroud /_
. by dashedlines. Notethe separationplanebetweenthe Soyuz

descentandservicemodules. '

"!.;: ' ' ' ' ' ' |t

• Soyuz-T 11 April 3-October 2, 1984

' L_unch crew_Yud Malyshev, Gennadi Strekalov, Rakesh Sharmahndia
i: Crew code name--Yupiter

Landi_gcrew_Leonid Kizim, Vladimir Solovyov,Oleg Atkov
Crew codename--M_yak

!

. Carried the first Indian cosmonaut to the Salyut 7 station.

Sc)Vuz..T 12 July 17-29, 1984

i Viadimir Dzhar, ibekov, Svetlana Savitskuya. Igor Volk

_l C_W code name--Pamir

• ,, Volk was a glimpse of things which might have been: he was a Buran shuttle
,l_ program pilot being flown in spac_ to prove he would be able to pilot Buran

back to Earth after an extended stay in space.
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8oyu--T 13 June 8-September 26, 1985

Launch crew -Vladimi, DLh=nibekov, Viktor Savinykh
Crew code name--Pamir

Landing crew--Vladimir Dzhanihekov, Gcorgi Grechko
_:,rewcode namc--Pmnir

Vladlmir Dzhanibekov could have had no notion that he would so soon visit

Salyut 7 after his Soyuz-T 12 flight. Soyuz-T 13 was the first Soyuz to dock
manually with an inert Salyut. For tile put[rose it wa_ slightly modified to

" include control levers in the descent module for proximity operations. Viktor
Savinykh and Vladimir Dzhanibekov salvaged the Salyut 7 station, which had
been crippled by a solar array problem (see section 2.8.3.4). Savinykh
remained aloft for i 69 days, returning to Earth in Soyuz-T 14;Dzhanibokov
returnedto Earth in Soyuz-T 13 with Grechko after spending ! 10 days on
$alyut 7. Before deorbiting, Soyuz-T 13 spent about 30 hr conducting rendez-
vous and docking tests.

Boyuz-T 14 September 17-November 21, 1985 _1

' Launchcrew--Vl_dimir Vasyutin,Georgi Grechko,AlexanderVolkov
; Crew codename--Cheget

Landing crew--Vladimir Vasyutin,Viktor Savinykh,AlexandrVolkov
Crew codename---Cheget

Demonstratedthe wisdomof maintaininga Soyuzat Salyut 7 asanemergency [
medical evacuation vehicle. Vasyutin, the mission commander, fell ill, forcing
early termination of the planned 6-me mission. /

/

1.12.3.4$oyuz-TMissionto Salyut7 andMir

For information on Salyut 7 and Mir operations during this Soyuz Mission, see sections 2.8.3.6 and 2.9.3. l

-._ $oyuz-T 15 March 13-July 16, 1986

Leonid Kizim, Viadimir Solovyov
: Crew code nam¢--Mayak

_ Carriedthe first two cosmonautsto the Mir station.May 5-6 they transferred
to Salyut7, where theyconductedtwo EVAs andcollectedexperimentresults,
experimental apparatus, and samples of materials. They returned to Mir on
June 25-26.
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1.13 Soyuz-TM
(1986-Present)

Soyuz-TM (ligure 1-30) is an

upgraded version of Sayuz-T used
with tile Mir space station. The _/_....
"TM" in Sayuz-TM is usually
translated as "transport modified,"
meaning that it is a further improve-

r_, ment of the Soyuz-T.

=..

Figure 1-30. Soyuz-TMspacecraft. Comparethe antennaeon
the orbitalmoduleto thoseon Soyuz-T, Differencesreflectther_

-- changefromthe Igla rendezvoussystemusedon Soyuz-Tto the
Kursrendezvoussystemusedon Soyuz-TM.

: 1.13.1 Soyuz-TMSp_c_cifle.ations -
k/ f,

Launch weight .......................................... 7070 kg
Length ....................................................... 6.98 m

_ Span across solar arrays ........................... 10.6 m /,
• Diameter of habitable modules ................ 2.2 m /

Maximum diameter .................................. 2.72 m ' I
Habitable volume ..................................... 9.5-10 m3 |
Number of crew 2-3

_, ,*,,.,,..•,,,,,,,••,..,,,°,••,,H.•,.. •

: 1.13.2 Soyuz-TM Notable rectional and did not have to be in dividing the oxidizer from the
: Features line of sight, fuel• Past Soyuz propellant

• 10-kg launch and reentry pressure systems used organic (plastic?)
suits, which in an emergency can membranes which could leak,

• The Kurs rendezvous system, protect the wearer in open space, degrading engine performance.
whichpermittedautomatic _

dockings with an unresponsive * Lighter parachutes, which take up • Improved communications gear--
space station, replaced the Igla less room in the descent module separate voice channels for each

::i system. Kurs could operate at and save up to 140 kg of weight• cosmonaut and improved recep-

greater distances from a station • Launch payload increased by 200- tion quality.
i than lgla, and could lock on even 250 kg to 51.6 ° orbit; return • Improved landing radar altimeter.

if its antennas were not aligned payload increased by 70-90 kg. • Lighter escape, system motors.

with those on the target station; • Improved propellant tanks--these • Triple redundant electrical
that is, the antennas were omnidi- featured metal membranes for systems, and redundant hydraulic

systems.
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1.13.3 Soyuz-TM Mission Descriptions

AllSoyuz-TM spacecraftdocked with Mir, For informati,mon Mir ot_rati.n,s duringthese Soyuz missi,ms, see section
2.9.3. Date_arc launch to landing.

. 8oyuz-TM 1 May 21-30, 1986

"' UnmannedSoyuz-TM test.

Soyuz-TM 2 FebruaryS, 1987-July30, 1987

:: Launchcrcw--Yuri Romanenko,AlexandrLaveikin
Crewcode name_Tamyr

Landingcrew_Alexandr Viktorenko,AlexandrLavcikin,MohammedalFari_
Syria
Crewcodename--Vityaz

Lavcikin developed heartirregularitieswhich madenecessaryhis earlyreturn I
o to Earth. _1

Soyuz-TM 3 July22, 1987-December29, 1987 i

Launchcrcw_AlexandrViktorenko,AlexanderAlexandtov,Mohammedal
.ii: Faris/Syria

_. Crewcode name_Vityaz

: Landingcrew_Yuri Romaneko,Alexandt Alexandrov,AnatoliLevchenko _:!
Crew code name_Tamyr 1

!
/

Fails was thefirstSyrianin spat,:. Alexandrov was Laveikin'sreplacement
_ aboardMir,becoming Romanenko's new partner.

Soyuz-TM 4 December21, 1987-June17, 1988 "

: Launchcrcw_Vladimir Titov,Musa Manarov,AnatoliLevchenko _

•, Crew L:odename.--Okean ii

Landingcrew--Anatoli Solovyov,ViktorSavinykh,AlexandrAlexandrov/ I
'_'" Bulgaria

.. Crewcode name_Rodn.ik |
'

, Manarovand TitovspelledRomanenkoandAlexandrov. AnatoliLevchenko
I

' was a cosmonaut in the Buranshuttle program. Levchenkoretumadwith
.'. RomanenkoandAlexandrovin Soyuz-TM3,

Soyu=-TM6 June7, 1988-September7, 1988

Launchcrew--AnatoliSolovyov,ViktorSavinykh,AlexandrAlexandrov/
Bulgaria
Crewcodename--Rodnik
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Landing crew--Alexandr l.yakhov, Ahdul Ahad Mohmand/Afghanislan
Crew code name--Proton

Arrived at Mir carrying the second Bulgarian in space, Alexandvo,, tnot to be
confused with the Soviet cosmonaut of the same name). He became the first
Bulgarian to reach a Soviet space station (Georgi lvanov failed to reach Salyut
6 on Soyuz 33 in 1979--Alexandrov was his backup). Their launch had been
advanced by 2 weeks late in the planning stages to improve lighting conditions

'_" for the Rozhen a:aronomicai experiment. On September 5 cosmonauts
Alexandr Lyaknov and Abdul Ahad Mohmand undocked from Mir. They
jettisoned the orbital module and made ready for deorbit bum to return to

....: Earth. However, unbeknownst to the cosmonauts or TsUP, the guidance
computer was using the docking softwa,'e of the Bulgarian Mir mission in
June. The deorbit burn did not occur at the appointed time because the infrared
horizon sensor could not confirm proper attitude. Seven minutes after the

' scheduled time, the sensor determined that the correct attitude had been

.:. achieved. The main engine fired, but Lyakhov shut it down after 3 sec. A
second firing 3 hr later lasted only 6 sec. Lyakhov immediately attempted to

i=:"' manually deorbit the craft, but the computer shut down the engine after 60 sec.
The cosmonauts were forced to remain in orbit a further day. Even if the main

_-:: engine had permitted them to do so, they.would not have been able to re.dock
with Mir because they had discarded the docking system along with the orbital

:-". module. The cosmonauts were left for a day in the cramped quarters of the
_ descent module with minimal food and water and no sanitary facilities. J
• Reentry occurred as non,ai on September 7. After this the Soviets retained the I_

orbital module until at',., deorbit bum, as they had done on the Soyuz Ferry
• flights. ,I

i-:. Soyuz-TM 6 August 29-December 21, 1988
i: Launch crew--Alexandr Lyakhov, Valeri Polyakov, Abdul Ahad Mohmand/ /

' Afghanistan /'
: .: Crew codename--Proton I
• -\.

Landing crew_Vladimir Titov, Muse Manarov, Jean-Loup Chretien/Franee
.... Crew code name---Okean

Dr. Valeri Polyakov remained behind on Mir with cosmonauts Musa Manurer
and Vladimir Titov when Mohmand and Lyakhov returned to Earth in Soyuz-

N_- TM 5.

--: Soyuz-TM7 November 28, 1988-April 27, 1989
t •

Launch crew--Aiexandi' Volkov, Sergei Krikaiev, Jean-Loup Chretien/France i

,: Crew code name---Donbass

:: Landing crew_Alexandr Volkov, Sergei ICd'ikalev,Valeri Polyakov
! Crew codenarae_Donbass

_.- Original launch _te of November 21 was moved back to permit French
•,, president France Mitterand to attend the launch. Arrived at the Mir station': )

i carrying a three man crew, including French cosmonaut Chretien on his second
_' flight into space. "liter, Manarov, and Chretien returned to Earth in Soyuz TM-

, ' 6. Alexander Volkov, Sergei Krikalev, and Valeri Polyakov remained aboard

Mir. On April 28, 1989, they left Mir in mothballs and returned to Earth in
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Soyuz-TM 7. The Soyuz-TM land landing system is effective at reducing
velocity in the vertical direction. However, according to cosmonaut Sergei
Krikalev, winds at the landing site often impart considerable horizontal
velocity. As a result, about 80% of all Soyuz descent modules come to rest on

their sides. During the rough landing, Krikalev suffered a minor injury to his
knee) 4

Soyuz-TM 8 September 5, 1089-February 19, 1990

AlexanderViktorenko,AlexandrSerebrov
Crew-codenarne--Vityaz

F_,.. Launch vehicle was painted with advenisements. During final approach to Mir
(4 m distance), the Kurs system malfunctioned, so Viktorenko took over

manual control and withdrew to 20 m. He then docked manually. Spent 166
days attached to Mir.

Soyuz-TM 9 February 11-August 9, 1990

Anatoli Solovyov,AlexandrBalandin
Crew code-namemRodnik )I

During docking, cosmonauts aboard Mi_ noticed that three of the eight thermal J
,_ blankets (layers of foil vacuum-shleld insulation) on the descent module of the

approaching Soyuz-TM 9 spacecraft had come loose from their attachments

:.ii: near the heat shield, yet remained attached at their top ends. The main concern
was that the capsule might cool down, permitting condensation to form inside

and shortout its electrical systems. There was also fear that the blankets might
block the infrared vertical sensor, which oriented the modide for reentry, t
"l'hrevother areas of concern emerged: that the explosive bolts binding the /,_ service module to the descent module might fail to work after direct exposure
to space, that the heat shield might be compromised by direct space exposure, /

_: and that an EVA to repair the blankets might cause additional damage. Con- t[!
sideration was given to flying Soyuz-TM 10 with one cosmonaut aboard as a

. rescue mission. During an EVA, the cosmonauts folded back two of the three
- blankets and left the third alone. During reentry, the cosmonauts ejected both ;i
: the orbital module andthe service module simultaneously in aneffort to

minimize the chancesthat a blanketcouldsnag. Normally the orbital module ,_
went first. The descent module suffered no damage as a result of its prolonged ;i

exposure to space conditions. Reentry occurred as normal.

Soy Jz-TM 10 August 1-December 10, 1990 i

Launch crew--Gennadi Manakov, Gennadi Strekalov

Crew code name--Eibrus

Landing crew--Gennadi Manakov, Gennadi Strekaiov, Toyohiro Akiyama/
Japan
Crew code name--Elbrus

' Spent 131 days attached to Mir. A camera was installed in the descent module

as p_rt of the agreement with Akiyama's network to film the reactions of the
returning cosmonauts.

i
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r , Soyuz-TM 11 December2, 1990-May26, 1991

LaunchcrewmViktorAfanasyev,MuseManarov,ToyohiroAkiyamgJapan
Crew code name---Derbent

Landingcrcw--Viktor Afanasycv,MuseManarov,HelenSharman/Bfita!_
Crewcode-name--De_:cnt

Spent 175days dockedto Mir. Its launchshroudand Soyuz boosterwere
paintedwith theJapaneseflag and advertisements.A camerainsidethe

: descentmodulefilmedthe cosmonautsduringascent forAkiyama's network.

:.... Soyuz-TM 12 May 18-October10, 1991

: Launchcrew--Anatoli Artsebarksi,SergeiKrikalev,Helen Shatman/Bfitain
Crewcode name--Ozon

=. Landingcrew--AnatoliArtsebatski,ToktarAubakirov/Kazakhstan,FranzViehboeck/Austtia
• Crew code name--Ozon

:_ Spent 144daysdockedto Mir. While it was in orbit,the failed coup d'etat
againstMikhailGorbachevrockedtheSoviet Union, settingin motionevents

,, whichled-to.theend of theSoviet Unionon January1, 1992.

l

:::;. fleyuz,_TM13 October2, 1991-March25, 1992 ,I

':" Launchcrew--AlexandrVolkov,ToktarAubakirov/K_zakhstan,Franz '_'

Viehboeck/Austria :" Crew code name--Donbass

/

,. Landingcrew_AlexandrVolkov,Sergei Kfikalev,Klau_-DJ_trichFiade/

'. Germany l:
• Crewcodename--Donbass

::' Spent 175 daysdockedto Mir. Krikalevlaunchedfrom the KazakhSoviet
- SocialistRepublicof the Soviet Union, andlandedin independentKazakhstan.

- floyu.'-TM 14 Mamh 17-August10, 1992 |
t"' Launch crew--Alexandt Viktorenko,AlexandrKaleri,Klaus-DietdchFlade/

:. Germany i
Crewcode name--Vityaz

:- Landingcrew--AiexandrViktomnko,Alexandt Kaleri,Michel Tognini/France
Crewcode name--Vityaz

Suffered alandingsystemmalfunction,causing itsdescent moduleto turn
over. Itcameto restupsidedown, trappingitsoccupantsinside untilit could

... be righted.
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Soyuz'-TM 15 July 27, 1992-February 1, 1993

Launch crew--Sergei Avdeyev, Anatoli Solovyov, Michel Tognini/France
Crew code name_Rodnik

Landing crew--Sergei Avdeycv, Anatoli Solovyov
Crew code name--Rodnik

Tognini spent 3 weeks in space mspan of ongoing space cooperation betwe,cn
Russia and France.

Soyuz-TM 16 January 24-July 22, 1993

Launcherew---GennadiManakov,Alexandr Poleshchuk
Crew codenamc--Elbrus

Landing crew--Gennadi Manakov, Alexandr Poleschuk, Jean-Pierre HagniereJ
France
Crew codename--Elbrus

FirstSoyuzwithoutaprobeanddroguedockingsystemsince1976.Itcarried

anAPAS-89 androgynousdockingunit(seefigure3-13)differentfromthe

APAS-75 unit (see figure1-22) used forASTP in 1975, yet similar in general i
principles. Soyuz-TM 16 used it to dock with an androgynous docking port on
the Kristall module. This was a test of the docking system in preparation for
dockings by space shuttles with Mir.

A

Soyuz-TM 17 July 1, 1993-January 14, 1994 _tI

Launch erew--Vasili Tsibliyev, Aiexandr Serebrov, Jean-Pierre HaiguereJ /
France /

Crew code name--Sirius ii

.. Landing crewqVasili Tsibliyev, Aiexandr Serebrov

Crew code name--Sirius ,1

At 7:37:11 a.m. Moscow time (MT), on January 14, Soyuz-TM 17 separated ,i
from the forward port of the Mir station. At 7:43:59 a.m., the TsUP ordered :_J
Tsibliyev to steer Soyuz-TM 17 to within 15 m of the Kristaii module to begin _1

photography of the APAS-89 docking system. At 7:46:20 a.m., Tsibliyev
q

; complained that Soyuz-TM 17 was handling sluggishly. Serebrov, standing by (
for photography in the orbital module, then asked Tsibliyev to move the

- -- spacecraft out of the station plane because it was coming close to one of the |
solar arrays. In Mir, Viktor Afanasyev ordered Valeri Polyakov and Yuri

• Usachyov to evacuate to the Soyuz-TM 18 spacecraft. At 7:47:30 a.m., ',1
controllers in the TsUP saw the image from Soyuz-TM ITs external camera
shake violently, and Serebrov reported that Soyuz-TM 17 had hit Mir. The.
TsUP then lost communications with Mir and $oyuz-TM 17. Intermittent
communications were restored with Soyuz-TM 17 at 7:52 a.m. Voice commu-

.. nications with Mir were not restored until 8:02 a.m. Inspection of Soyuz-TM
17 indicatea no serious damage. In this connection, the Russians revealed that
they had s)udied contingency reentries by depressurJzcd spacecraft in the wake
of the Soyuz 11 accident. The Mir cosmonauts did not feel the impact, though
the station's guidance system registered angular velocity and switched to free-

58

i

00000001-TSF04



Part I Soyuz
1

flying mode. Lateranalysis indicatedthattheright side of theorbitalmodule
hadstruckMirtwo glancingblows 2 sec apart.The impactpointwason

• Kristall,near itsconnectionto the Mirbaseblock. The cause of the impact
was tracedto a switch error: the handcontrollerin the orbitalmodule which

governedbrakingand accelerationwas switched on, disablingthe equivalent
hand controller(the left motioncontrol lever)in thedescent module. Tsibliyev
was able to use theright leverto steerSoyuz past Mir's solararrays,antennas,
anddocking ports afterit became clear impactwas inevitable."._

Soyuz-TM 18 January8-July9, 1994

,, LaunchcmwmViktorAfanasyev,YuriUsachyov,ValeriPolyakov
CrewcodenamemDerbent

Landingerew--ViktorAfanasyev,YuriUsachyov
Crew code name--Derbent

Afanseyevand Usachyov spent179days on Mir. Dr.Polyakovis slatedto
.... returnto Earthon Soyuz-TM20 in March1995, aftermore than420 days on

= •_ Mir.....

' Soyuz-TM 19 Ju!y1-November4, 1994
/

Launchcrew-YuriMalenchenko,TalgatMusabayev/Kazakhstan t
• Landingcrew-YuriMalenchenko,TaigatMusabayev/Kazakhstan,Ulf

Merbold/ESA

" Crewcodename-Agat *_

CommanderMalenchenkoand FlightEngineerMusabayev,spaceflight
rookies, wereto havebeenlaunchedwithveterancosmonautGennadi /
Strekalov,who would havereturnedto Earthwith ViktorAfanaseyevandYuri: /

_ Usachyov in Soyuz-TM 18 aftera few days on Mir. However,cancellationof 1
one of two Progress-Mcargo ships scheduled to resupply Mirduringthe Agat
crew's stay meant Strekalov'scouch h_ to carrysupplies. The resultwas an

-_-._=i unusualall-rookieflight. Dockingoccurredwithout incidentonJuly 3. On
November3, Musabayev,Malenchenko,andMerboldundockedin Soyuz-TM
19 andbacked190m fromMir. Theythen activatedthe Kursautomatic

_ approachsystem, which successfullyredocked the spacecraft.Thecosmonauts ,
thentransferredbackto Mir. The testwas relatedto thedifficultiesSoyuz-TM |

1- 20 andProgress-M24 experiencedduringtheirautomaticapproaches. Final
undockingand reentrythe followingday occurredwithoutincident.

$oyuz-TM 20 October-& 1994-

::" Launch crew-Alexandr Yiktorenko,YelenaKondakova,Ulf Merboid/ESA
Landing crew-
Crew code name-Vityaz

" ,_ Carried10kg of equipmentfor useby Merboldin ESA'smonth-longEuromir
'i 94 experimentprogram.Duringautomaticapproachto Mir'sfrontport,the

spacecraftyawedunexpectedly. Viktorenkocompleteda manualdocking
: withoutadditionalincident.
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Part 2 Almaz/Safyut/Mir

Part 2 largelyconcernedwithassemblyin 12,1964,Cbelomcicalleduponhi,s
Earth orbit of a vehicle for circumlu- staff to develop a military station for

Aimaz, Salyut, nar flight, but also described a small two to three cosmonauts, with a
station made up of independently design life of I to 2 years. They

and Mir launched modules. Three cosine- designed an integrated system: a
haUlSwere to reach the station single-launch space station dubbed
aboard a manned transport spacecraft Almaz ("diamond") and a Transport
called Siber (or Sever) ("north"), Logistics Spacecraft (Russian

2.1 Overview shown in figure 2-2. They would acronym TKS) for reaching it (see
live in a habitation module and section 3.3), Cbelomei's three-stage

Figure 2- ! is a space station family observe Earthfrom a "science- Proton booster would launch them

tree depicting the evolutionary package" module. Korolcv's Vostok both. Aimaz was to be equipped
"; relationships described in this rocket (a converted ICBM) was with a crew capsule, radar remote-

section, tapped to launch both Siber and the sensing apparatus for imaging the
station modules. In 1965, Korolev Earth's surface, cameras, two reentry

2.1.1 Early Concepts (1903, proposed a 90-ton space station to be capsules for returning data to Earth,

1962) launched by the N-1 rocket. It was and an antiaircraft cannon to defend
to have had a docking module with against American attack,s An

ports for four Soyuz spacecraft. 2,3 interdepartmental commission .
T_e space station concept is very old approved the system in 1967. OKB-

in Russia. Space pioneer Konstantin 52 and its Branch No. 1 (ancestor of ,I
Tsiolkovskii wrote about space 2.1.2 Almaz: Conception KB Salyut) divided responsibility for _!

.'.* stations as early as 1903. I The first (19O1-1967) the system's components? :
_ space station event relevant to this

discussion occurred in Match 1962, However, the Korolev organization 2.1.3 First Space Stations
: when Sergei Korolev's OKB-I was preoccupied with preparing the
..- dcsign bureau (ancestor of RKK Soviet entry in the Moon race with (1970-1974)

: _ Energia-untii recently, NPO the United States. The task of
Energia) produceda reportcalled-- developing the first space station fell Work on the Almaz stations pro- _
"Complex for the Assembly of Space to V. N. Chelomei's OKB-52 ceeded apace, but the subsystems t
Vehicles in Artificial Earth Satellite organization (ancestor of NPO rapidly fell behind the original
Orbit (the Soyuz)." The report was Mashinostroyeniye)? On October schedule. In February 1970, the /

Soviet Ministry of General Machine ,/

Building decided to transfer Almaz

hardware and plans from Chelomei's
bureau to Korolev's bureau.7 This

was done in hopes irwould permit ii
the Soviet Union to launch a space

_'_-- station ahead of the U,S. Skylab ';
-' project? The transfer was less

physical than administrative, because
both Energia Soyuz and Mashino-

.......+ stroyeniye Almaz hardware were

assembled in the Krunichev plant, i

/ - Using Soyuz hardware for subsys-
tems and Almaz hardware for large _
components such as the hull,
Korolev's bureau and OKB-52

Branch No. 1 completed the world's
first space station, Long-Duration
Station- 1 (Russian acronym DOS- 1),
in just 12 months. DOS-I was called

Figure 2-2. Conceptual drawing of Slber multlmoduleapace Zarya ("dawn") I until shortly before '
• station and Slber ferry(1962). its launch,whenit was realized that

I
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'i 5

7

,%

, Figure2-3. Salyut 1. Visibleat the rearof the station(left) Is
the Soyuz-basedpropulsionmodule, A Salyut1 Soyuz _

.. preparesto dockat the frontofthe station(right). Notethe
station'sSoyuz-typesolararrays.

i i

I

I. t'

-" the name would cause confusion 2.1.4 Almaz: Cancellation , '_- -

(�(�!• becauseZaryawasthecodenamefor (1970-1980) /, the TsUP. The station was hurriedly =_ =__.
,! renamed Salyut ("salute") 1 (figure I /

The Almaz program continued in
:,. 2-3)? A three-stage Proton rocket I, ]
"' boosted Salyut 1 into orbit (figure modified (abbreviated) form. TKS _ _ 4, 2-4).The Soyuz IIcrew,which workcontinued,thoughSoyuz

,, occupied Salyut 1 in June 1971, spacecraft were used to ferry_. cosmonauts to the Aimaz stations, n

perished during return to Earth due Salyut 2, Salyut 3, and Salyut 5 were"" to a Soyuz fault. Salyut 1 was
.. followed by threemorefirst- theAlmaz 1,Aimaz 2, andAlmaz 3 Figure2-4. Partialcutaway
: generationDOS-type stations,all stations.Salyut 2/Almaz 1failed in of Protonconfiguredfor

basedon Almaz components:one orbitshortlyafterlaunch. NPO spacestationlaunch. The
which failed to reachorbit in 1972 MashinostroyeniyepreparedAlmaz three-stageProtonrocket

4 for launch in 1978, and proposeda has launchedall Soviet
andreceivednoofficial public
designation(DOS-2), Cosmos557 35-ton multiportAlmaz station, spacestationsand space
(DOS-3), which failed in orbit in Launchingthe Aimaz muitiport stationmodules. Proton
1973, and Salyut 4 (DOS-4) in station would have required a new first flew as a two-stage
1974.'° launchvehicle. However, theAlmaz vehiclein 1965. The three-stageversionusedto

, programwascancelledshortly launchstationsdebutedin

• The first-generation stations could before Almaz 4 (it would have been 1969 and was declared
i notberefueled, and resupplywas Salyut7) was setto launch. The operationalIn 19"/'0.All

limitedto what couldbe carriedin Almaz hardwarewas put in storage.J2 threestagesburnUDMH

: the Soyuzorbital module, The first- Mannedspaceflightactivities and N20, propellants.The
:. generation stations each had only a became concentrated at NPO Energia tl_ree-stage Proton can

:. singicdockingport. in 1980. Energiaworkedwith KB place20,000 kg in a circular
: Salyut to produceadditional Salyut 185 km odor at 51,6 ° of
, stations.'_ inclination.
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hut as early as October 1973,
" aS'cement was reached to resume the

talk.','" In January 1975, Johnson
SpacL Center Director Christopher

Kraftculltned a possible future for
U.S,-So'ietspacecooperation,

_'_,_ calling fo.'a 1980 Shuttle docking

with "what:ear craft the U.S.S.R.

intends to fly at that time," lie

"' suggested tha_a joint space station

.... - progvtm could 3cgin in 1983, and
:.. that Soviet cosmonauts could fly as

'+ Shuttlepas:+engersiv

' Figure2-5. Almaz radarsatellite.
....... InOctober1976,Act:ngNASA

Administrator Alan Loveluce mot

, with lntorcosmos Council chairman

•_: 2.1.5 Almaz: Conversion 2.1.6 Shuttle-Salyut (1973- Boris Petrov and other Soviet
" : officials to discuss a Shuttk:docking

(1.980-1993) 1978; 1980s) with a Salyutspacestation (figure
'_ 2-6). NASA wouldnotcomndt to

=_I Mashinostroyeniye converted The Apollo Soyuz Test Project _t_yprogram ahead of the approach-
ing,_+t,. leftover Almaz hwxlware into (ASTP) grew from and rapidly ins U.S. Presidential elections. 2° A

-,.._, unmanned satellites equipped with superseded joint U.S.-Soviet talks on formal agreement creating Shuttle.
the ECOR-A Synthetic Aperture compatibility of future spacecraft, Salyut working groups was signed

+ Radar (SAR) system for imaging the t
.... Earth's surface. The first such

'_ satellite was lost in 1985, after its

_. Proton booster failed. The second,
Cosmos 1870, was an experimental t

::i prototype. It operated from July
-",+_ 1987 to July 1989.14 The latest ' f

'i_' ii satellite in the series was called
t

_}i Alma,. 1, thereby producing confu-
,:: sion among persons aware of the

.... Salyut 2/Almaz 1 space station. [_

/, Almaz 1 (figure 2-5) returned images L_ _

.' from March 1991 to October 1992. 's
_. InSeptember 1992, Valentin Etkin,

the chief of the Department of _ ',
_ Applied Space Physics of the i •%

- • " Russian Acanemy of Sciences Space |
: ._: Research Institute, descfihed a t
_,,. further application of Almaz hard-

ware. He called for a "Space _ _ _ i

" Laboratoryfor the Study of Earth as ,_,
: an Ecological System" I ,,sed on

Aimaz. The system would consist of /
three or four Almaz-dcrived satel-

lites, each carrying 6.5 tons of
scientific apparatus,m According to a
1993 report, the AImaz IV radarand
optical Earth observation satellite is
set for launch in June-July 1996, and

the Almaz 2 satelliteis being Figure2-6. Conoeptualdrawingof ShuttledockedwithSalyut.
designed, with launch set for 1998. _
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between Lovdace and Anatoly U.S. station, and the U.S. Shuttle 2.1.8 Third-Generation

Aicxandrov, President of the Soviet dock with Mir.;: Station: Mir (1986-present)
Academy of Science, on May ! i,
1977, Tile agreement pointed out the

2.1.7 Second-Generation With Mir, tile third-generationcomplimentary nature of the two
countries' programs: Salyut was Stations: Salyut 6 atld station, the Soviet space station

designed for long space stays, and Salyut 7 (1977-1986) effort has come full circle. The
gorolev bureau's IQt_2prospectus

Shuttl_ was designed for ferrying proposing a multimt_dular station
supplies and crews. The first Shuttle The secondogencration statkms reached fruition a quarter-century
flight to a Soviet Salyut station was Salyut 6 and Salyut 7 each had two later, in 1987, with the permanent
tentatively scheduled for 198I? * docking ports. This permitted guest docking of' the Kvant module to the

• crews (knowa officially as Visiting Mir base block, in It_gt_-I_Y40,the
The first Shuttle-Salyut working Expeditions) to visit resident crews Kvant 2 and Kristall modules were

group meeting took place in Moscow (known officially as Principal added. At launch Mir was expected
in November 1977. tizwever, the Expeditions). Visiting l_xpeditions to be operational for 5 years. The
next meeting, set to take place in the could trade their Soyuz for the one base block is now in its ninth year.
U.S. in March.April 1978, was already ducked to the station, leaving During that time it was almost
postponed. By late 1978, the U.S.- a fresh vehicle for the Principal always manned.
Soviet detente which made ASTP Expedition. Visiting l/xpeditions
possible had runaground on human included cosmonautsfrom eountrie_

" rightsand technologytransfer issues, allied with or sympatheticto the 2.2 Salyut 11DO$-1. and Shuttle-Salyut became dormant. Soviet Union. They were selected,

However, occasionallyduring the trained, and flown aspart of the (April 19-October 11,
_ 1980s, interest in Shuttle dockings Intercosmos program. Progress 1971)

with Soviet stations eroppedup resupply craft used the aft docking
again. In 1985, the Reagan White port to deliver supplies to the Salyut 1 (figure 2-3) was the first t
House is said to have considered second-generation stations, manned space staion. Most of its

offering a Shuttle mission to aid in main components were originally ,..'_
_" rescuing Salyut 7. In late 1987, built for OKB-52's Almaz program.
j" NASA officials briefly considered Many of the smaller components
' having the Soviet shuRle dock with a were borrowed from the Soyuz /,
', program. /

i, Ii
2.2.1 Salyut I Specifications ,_

Length ....................................................... 15.8 m "
Maximum diameter .................................. 4.15 m .]
Habitable volume ..................................... 90 m3

Weight at launch ....................................... !8,900 kg
Launch vehicle ......................................... Proton (three-stage)

Span across solar arrays ........................... about 10 m i
Area of solar arrays .................................. 28 m2
Number of solar mTays ............................. 4 i
Resupply carders ...................................... Salyut I-type Soyuz
Number of docking ports .......................... I
Total manned missions ............................. 2

Total long-duration manned missions ...... I
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2.2.2 Salyut I Notable • Main control panel ('astropost") * Equipment compartments lining

' Features was a Soyuz control panel, the inside of the hull covered by

...... • Electricity provided by two pairs removable panels that fi_rmed the
of Soyuz silicon pl-aotoce[Istdar station's interior walls. The walls

. ° Attitude control and orbit mutate- arrays, each had different colors (light
nance provided hy a modified and dark gray, apple green, light

. Soyuz service module (2,17 m • Electricity from the pair of solar yellow) to aid the cosmonauts in
• long by 2.2 m die), Station main arrays on a docked Snyuz (14 m" orienting themselves in weight-

propulsion system was a slightly total area) augmented the station's icssnes:_.
.... modified Soyuz KDIJ-35 system, power supply thnmgh plugs in the
: It had one single-nozzle 417-kg docking collars. Total solar array • l.arge.diamcter work comp_al-

thrust primary engine and one area thr the Salyut I/Soyuz II meat equipped with a large
. twoonozzle 41 l-kg thrust backup, complex canw to 42 m:. conical structure housing astrwnotnica] instrunlents and other

i _" with four 10-kg engines for ° Micromcteoroid detector panels scientific and guidance equip.
: • attitude control. :_ The service built into the stalk)o's bull. meat.

:! module was attached at the aft • Served as a space station anti. • Cosmovauts slept in sleeping bags
end of the large-diameter section nearing test bed. Cosmonauts

: -- attached to the walls of the large-
"'_I' of the work compartment. It conducted tests of the Salyut ion diameter compartment, or in the

could not be entered by the attitude control sensor, gyrodynes, orbital module of the docked

cosmonauts, and atmosphere, as well as tests Soyuz. '
• • Two habitable compartments. In aimed at developing new auto- I
'_ front, the transfer compartment (2 matte docking system and antenna • Sanitation/hygiene unit located in ,I

m die by 3 m long), containing designs, the large-diameter section of the
work compartment, within an

. the drogue docking apparatus and * Central small-diameter compart, enclosure with a ventilation

.: an EVA hatch; aft, the work ment served a wardroom function, system and washable walls.
" compartment, which was divided with provisions for the cosmo-
" into small-diameter (2.9 m die by nauts' spare time. These included • Large-diameter compartment had

,: 3.8 m long) and large-diameter a cassette player and cassettes, a two refrigerators for food storage. ,_
, (4.15 m die by 4.1 m long) sketch pad, and a small library of '!_

sections, linked by a 1.2-m-long books. It also held a table for

frustum, dining and working. /'

2.2.3 SalyutI Career

Entries below describe Salyut I operations during Soyuz missions to the station. For information on the Soyuz missions,
; see section 1.7.

" Soyuz 10 April 22-24, 1971 (launch to landing)

: Vladimir Shatalov, Alexei Yeliseyev, Nikolai Rukavishnikov

Crew codename--<_ranit t

Hard docked, but its crew could not enter Salyut 1. I

: Soyuz 11 June 7-29, 1971 (hard dock to undock)

i - Georgi Dobrovolski, Vladislav Volkov, Viktor Patsayev
, Crew codename--Yantar
!
_: The Yantars performed astronomical observations using the Orion-I telescope,

grew plants in the Oazis hydroponics unit, and conducted extensive multispcc-
tral Earth resources photography. They appeared frequently on Soviet televi-

_' sion. On June 27, thc cosmonauts photographed the in-flight explosion of the
third N- i rocketY During reentry the crew died due to a Soyuz fault.

' i
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. 2.3 Failed Salyuts 2.3.2 Salyut 2/Almaz ! Salyut 5, attributed the loss of Salyut

(1972-1973) (April 3-May 28, 1973) 2 to all electrical fire, followed by
depressurizationfl' Salyut 2 broke up
on April 14, and all trackable pieces

, On April 3, 1973, tile day of tile reentered by May 28, 1973.
! 2.3.! I)OS-2 Salyut 2 launch, the Soviet magazine
. Nau_ i Zhian published an inter-

(July 29, 1972) view with Soviet Academician Boris 2.3.3 Cosmos 557/DOS-3

Pelrov, in it he declared that lunar (May 11-22, 1973)
A year after the Soyuz I i failure, tile space stations would be established
Soviet Union felt ready It) send to act as bridgeheads fi)r excursions

:" Tile third DOS-type station reachedcrews to a second DOS-type station. It) the lunar surface, lie also
orbit just ahead of the U.S. Skylab

: Like Salyut I, its large compontents predicted the advent of multimodular

were originally built tot the Ahnaz stations with crews el' up to 120 workshop. Like DOS.2 and SalyutI, it was based on a hull transferred

program. Failure of the second stage people. _ The failure of Salyut 2 a from the Almaz program in 1970.of its ihrcc-stagc Proton launch few days later must have made these
vehicle prevented the station from goals seem distant indeed. Shortly after attaining orbit, the:- station suffered a failure in its
reaching orbit, It fell into the Pacific

attitua¢ control system ion sensors,
Ocean, Salyut 2, the first Alma,?.station,

reached orbiton April 3, !973. Soon leading to depiction of most of its
attitude control fuel supply. One

: after, Salyut 2 lost stability and account states that a command to

began tumbling. In 1992, Mikhail raise its orbit was sent, but the
, Lisun, backup cosmonaut for the i

" Soyuz 24 flight to Almaz station itstati°nreentered.:Twasin the wrong attitude, so /

al
,l

2.4 Salyut 31AImaz2 /
(June 24, 1974-January /

_: 24, 1975) [|!'i Salyut 3 (figure 2-7) was the second
Almaz station, ,'rodthe first to be

"- manned. Its mission was primarily
military. For this reason, less

information is available on Salyut 3 sj_i
and Salyut 5 (the ot_er successful ,._]

' _ , Almaz station) than for the primu.ily _
civilian DOS-type Saiyuts. Photos J

r _ of the Almaz stations have surfaced i
only recently.

t2,

1

Figure2-7. Salyut3, the firstsuccessfulAlmaz spacestation.
The droguedockingunitIsat the rear ofthe station (left),

betweenthe two mainengines, i

68
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! I

2.4.1 Salyut 3 Specifications

Length ....................................................... 14.55 m
Maximum diameter .................................. 4,15 m
Hahitable volume ..................................... 90 m_

Weight at launch ....................................... 18,900 kg
Launch vehicle ......................................... Proton (three-stage)
Number of solar arrays ............................. 2
Resupply carriers ...................................... Soyuz Ferry
Number of docking ports .......................... !
Total manned missions ............................. 2

:_ Total long-duration manned missions ...... I
Number of main engines ......................... 2

, Main engine thrust (each) ......................... 400 kg

2.4.2 Salyut 3 Notable Em'th-observation camera, which 12 tanks for storing gas--
Features had a 10-m focal length. This presumably oxygen for breathing.

was used primarily for military • Cosmonauts had one standing
:. reconnaissance purposes. The bunk and one foldaway bunk in

• From aft to fore, consisted of an cosmonauts are said to have the station's living section.
airlock chamber, a large-diameter observed targets set out on the Saiyut 3 was also equipped with a
work compartment, and a small- ground at Baikonur. Secondary shower.

, diameter living compartment, objectives included study of water • Floor was covered with Velcro to
:; • Airlock chamber had four pollution, agricultural land,

openings.The drogueunitofthe possibleore-beatinglandforms, aid_hecosmonautsinmoving: : about.
• " pin and cone docking system and oceanic ice formation. -_9

: filled the aft opening. The • Cosmonauts could develop film • Entertainment equipment in-
" forward opening led into the from the Agat camera on the cluded a magnetic chess set, a
, large-diameter work compart- station. Important or interesting small library,and a tape player ,.
" ment. On top of the airlock images were printed, then with cassettes.

.... chamber was an EVA hatch scanned by a "IV imaging system • Exercise equipment included a
(never used on an Aimaz station), for broadcast to Earth.s° The treadmill and the Pingvin exercise:i

,. A hatchonthebottomledintothe cosmonautsneededaslittleas30 suit.

chamberfromwhichasmall minutestoshoot,develop,and • TestedthePriboywaterregenera-

L Earth-return capsule could be scan a photograph, tion system, which condensed

ejected into space:" • Other images were packed in the water from the station's atmo-
; • Propulsion units were located on small Earth-return capsule, which sphere.

the aft end of the large-oiameter was then ejected from the
compartment, on either side of the chamber under the spherical
airlock chamber. These were airiock. The capsule ejected by
specialized AImaz station engines, ground command. Ejection of the
not the modified Soyuz units used capsule signaled the end of an

+, with the early DOS Salyut Almaz station's usefulness. Small
._. • stations, engines dcorbitcd thc capsule and___+

u • Unlike the early DOS Salyuts, were then discarded. The
Almaz had solar arrays which parachute of Salyut 3's capsule

,, : could track on the Sun in most opened at 8.4 km altitude.

_ station attitudes. *Thc small-diameter living cot,,.

, • The iargc-diamcter portion of the panment was separated from the
station's work compartment work comp_ulment by a bank of
was dominated by the Agat
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2.4.3 Salyut 3 Career

Entries below describe Salyut 3 operations during Soyuz missions to the station. For more information on the Soyuz
missions, see section 1,8,4,2. Dates are hard dock to undock; if no hard dock achieved, launch to landing,

Soyuz 14 July 4-19, 1974

Pavel Popovich,Yuri Anyukhin
Crew codename--Berkut

- _., The Berkuts tested the suitability of Salyut 3 as a manned military reconnais-
:'+ sance satellite. They also tested Almaz station systems, such as the solar

arrays. T-hecosmonauts exercised for 2 hours each day to counter the effects
of weightlessness. Because of this, they were able to climb from their Soyuz
Ferry descent module without assistance at the end of their flight.

.:.-

:. Soyuz 15 August 26-28, 1974

GennadiSarafanov,Lev Demin

,+ Crew code name--Dunay

i ' FailedtodockwithSalyut3.

" t
•. 2.5 Satyut 41DOS-4(December 26, 1.n74-February2, 19771

i= 2.5.1 Salyut4-St.eclfications !i
i , /! ,

i- Length ....................................................... !5.8 m / d}

• Maximum diameter .................................. 4.15 m _

Habitable volume ..................................... 90 ms $, Weight at launch ....................................... 18,900 kg
.... Launch vehicle ......................................... Proton (three-stage) '._

.'- 'i Orbital inclination .................................... 51.6 °
i.. Areaofsolararrays..................................60 m 2 ,i

r Number of solar arrays ............................. 3
Electricity production ............................... 4 kW

i- - _ Re_upply carriers ...................................... goyuz Ferry
Number of docking ports .......................... 1

_: Totalmannedmissions ............................. 3
Total unmanned missions ......................... I

i

Total long-duration manned missions ...... 2 ',i

i

I

I

7O
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2.5.2 Salyut 4 Notable
Features

• "--Structural layout very similar to
! that of Salyut 1. That is, it had a

: single docking port leading into a
transfer compartment, a work
compartment divided into small-

i, diameter and large-diameter
scctions, and a propulsion and

_ servicemodulebasedon the

,. Soyuz service module (figure 2-8).
It was the last of four DOS-type

• stations based on hulls from the

' Almaz program.

_. • Strokateleprinter allowed the
TsUP to send hardcopy instruc-

• tions to the Salyut 4 cosmonauts.

• • Raketa ("rocket") vacuum cleaner

- in transfer con_partment.

• Rubberized fabric sleeve in the

transfercompartmentfor provid- Figure2-8. Salyut4, the secondDOS stationto be manned.
" ingventilation to docked Soyuz |
' Ferries.

_ _i: • Cosmonauts spent a great deal of The Priboy water regeneration
time conducting astrophysics system was first tested on Salyut 3.

'_ observations. The large-diameter • Meteoroid measurement system
work compartment was domi- with 4 m2of detectors built into

"'_ nated by a conical structure the hull.
.. housing,among otherthings,the /

i= OST-I 25-cm solar telescope. It • Solar arrays larger than the _ :
. Soyuz-based arrayson Salyut I/_. was equipped with a spectrograph m."
' and a diffraction spectrometer. DOS-i. Salyut 4 had three _.t

- The cosmonauts could recoat the steerable arrays with a combined

i mirror by remote control using surface area greater than the four ,1
' _, the Zentis system. The solar nonsteerable arrays on Salyat I.

. !. telescope lacked a solar events • Exercise equipment included a ,i

i alarm (as had Skylab) to alert the treadmill (flown on previous _

cosmonauts to valuable observa- stations) and a bicycle ergometer
.. tion opportunities. The conical (flown for the first time on Salyut

housing also held the Filin and 4). The bicycle ergometer
RT-4 X-ray telescopes and the generated electricity which was
ITSK infrared telescopeY stored for use by the station.._2 {

!

• Cosmonauts also spent a great • Used Delta orientation/navigation ',i
! deal of time on experiments with system; also tested the Kaskad

application to closed-cycle life orientation/navigation system.

support systems. Thcy cultivated • For observing Earth, carried the
peas and onions in the Oazis plant KATE.140 and KATE-500

growth uoit. They again tea,ted a multispectral cameras, Spektru
water regeneration system, which upperatmosphere analyzer, and
condenscd about a liter of water other instruments.
from thestation's air each day. I
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2.5.3 Salyut 4 Career

Entries below describe Salyut 4 operations during Soyuz missions to the station. For more information on the Soyuz
missions, see sections ! .8.4.3 and 1.10.4. i. Dates are hard dock to undock; if no hard dock achieved, launch to landing.

Soyuz 17 January 12-February 9, 1975

Alexei Gubarcv, Georgi Grechko
Crew code name--Zenit

::: When Soyuz !7 docked, Salyut 4 was in an unusually high circular orbit at 350
km. Astrophysics was a major component of their mission (hence the high
altitude). The Zcnits discovered that the main mirror of the solar telescope had
been ruined by direct exposure to sunlight when the pointing system failed.
They resurfaeed the mirror and worked out a way of pointing the telescope

= usinga stethoscope,stopwatch,and thenoisesthemovingmirror madein its
casing? 3

"The April-5 Anomaly" April 5, 1975 ,])!

;_ Vasili Lazerev, Oleg Makarov I
Crew code name--Ural

Failed to dock with Salyut 4 due to a catastrophic Soyuz booster failure during
•_. ascent to orbit.

Soyuz 18 May 26-July 26, 1975 ?/
Pyotr Klimuk, Vitali Sevastyanov /_
Crew codename--Kavkaz •

. /

: The Kavkaz crew carded out 90 scientific and engineering experiments, ]i_
continuing the work of the Soyuz 17 crew. During their stay, they conducted

;= two communications sessionswith the ASTP Soyuz (Soyuz ! 9) crew.

Soyuz 20 November 17, 1975-February 16, 1976 ';

First spacecraft to dock unmanned with a Salyut station. Carried life sciences '_I
. _; experiments, qualified Soyuz for long-duration flights attached to a station, and

served as proof-of-concept mission for Progress development.

i

(

I
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2.6 Salyut 51AImaz3
(June 22, 1976-August
e, 1977)

__ Salyut 5 was the thirdAlmaz station.
_, Like Salyut 3/Aimaz 2 (figure 2-7),

which it closely resembled, its aims
were primarily military.

2.6.1 Salyut S Specificationsr',

..... Length ....................................................... 14.55 m
Maximum diameter .................................. 4.15 m
Habitable volume ..................................... 100 nr_

.... :. Weight at launch ....................................... 19,000 kg

•: Launch vehicle ......................................... Proton (three-stage)
' Orbital inclination .................................... 51.6 °

Number of solar arrays ............................. 2

Resupply carriers ...................................... Soyuz Ferry
Number of docking ports .......................... !

,_ Total manned missions ............................. 3 4

_ " Total long-duration missions .................... 2 i

i .

2.6.2. Salyut $ Notable • As with Salyut 3, the large Agat planned hydroelectric facilities;
:' Features Earth-observation camera study formation of storms; and

dominated the floor of the large- spot forest fires._ These activities "_
" diameter work compartment, were in addition to the station's |

• !, • Consisted of a spherical transfer Agat images were used to primary Earth-observation /
module with four hatches, a large- compile maps; analyze tectonic objectives, which were military.

' ': diameter work compartment and a structures; seek out oil, gas, and /
i _i•_ small-diameter living compart- ore deposits; survey the sites ,f

ment.

2.6.3 Salyut S Career
: !

d/-

- Entries below describe Salyut 5 operations during Soyuz missions to the station. For more information on the Soyuz
_ missions, see section 1.8.4.4. Dates are hard dock to undock; if no hard dock achieved, launch to landing.

: ' _ Soyuz 21 July 7-August 24, 1976 1
: 1

Boris Volynov, _tali Zholobov
Crew code name--Baykal

! •

_ The Salyut 5 crew's stay coincided with the start of the Siber military exercise
: in Siberia. The cosmonauts observed the exercise a,spart of an assessment of

the station's military surveillance capabilities. They conducted only a few
scientific experiments-these included first useof the Kristall furnace for

crystal growth. Engineering experiments included propellant transfer system
tests with implications for future Progress freighter operations. The Soyuz 2 I

: crew seems to have left the station suddenly, ahead ot their .scheduled depar-
: ture date. This has been attributed to a fire, an environmental control system
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, failure,andtohealthproblemscausedbyfumesfromchemicalsusedto
_' develop fihn from the station's surveillance camera._.

, So_ October 14-16, 1976

VyacheslavZudov,ValeriRozhdestvenski
Crew codenameNRadon

_Li:')
FailedtodockwithSalyut5.

, Soyuz 24 February 8-25, 1977

,, Viktor Gorbatko,Yuri Glazkov
Crew codenamemTerek

_: The cosmonauts entered the station wearing breathing masks, apparently
' ..... because of the problems encountered on Soyuz 21, but the air proved safe to

breathe. The main purpose of their mission seems to have been to tie up loose
ends generated by the precipitous departure of the Soy,:z 21 crew. They loaded

_-:_i theSalyut5 Earth-returncapsulewith samplesandfilm. It detachedthe day
i aftertheir departurefrom thestation,on February26, andwas recovered.The

Soyuz24 crew conductedEarth observationand materialssciencesexpefi- i

ments. They also conducted an air replacement engineering experiment with
" implications for future Progress freighter operations. Air was released from I

the fo:-,vard end of the station while simultaneously being replaced from
storage tanks in the Soyuz 24 orbital module.

__'e. I
"4 k

1
!

2.7 Salyut 61DOS-5 /
(September 29, 1977-

_"" July 29, 1982)

_:"'__:i', Salyut 6 (figure 2-9) was the first
, , second-generation DOS-type Salyut
,,"" spacestation.

i

.!

Figure2-9. Salyut6, the thirdDOS stationto be manned.
Additionof the aft port (left) fomed redesign of the main
propulsion system,

•: 74
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Part 2 Almaz/Salyut/Mir ',

2.7.1 Salyut 6 Specifications

Length ....................................................... 15.8 m
Maximum diameter .................................. 4.15 m
Habitable volume ..................................... 90 m_

Weight at launch ....................................... 19,824 kg
Launch vehicle ......................................... Proton (three-stage)

_ Orbital inclination .................................... S l,6 °
Span across solar arrays ........................... 17 m
Area of solar arrays .................................. 51 m2
Number of solar arrays ............................. 3

:' Electricity available .................................. 4-5 kW

"' Resupply carriers ...................................... Soyuz Ferry, Soyuz-T,
Progress, TKS

Number of docking ports .......................... 2
: Total manned missions ............................. 18

Total unmanned missions ......................... 13

: Total long-duration missions .................... 6
Number of main engines .......................... 2

Main engine thrust (each) ......................... 300 kg

)

2.7.2 Salyut 6 Notable and the Yelena gamma-ray sensors, a sextant, manual

. - Features telescope, controls, the Kaskad orientation j

"...... * Had three sets of large solar system, and "the radio rendezvous

arrays-one set on either side of eqaipment which jointly with the j,
,!, * Most notable single feature was the hull, and one on top. The radio equipment of fl,e transport

aft docking port that permitted arrayswere equipped with motors ship provides for measuring the ;¢
dockings by Visiting Expeditions and sun-sensors for automatic Sun relative parameters of motion."

• and resupply by Progress freight- tracking. Communications Rendezvous and docking was the
ers. Aft port equipped with the antennas were located on the ends SOUD's most complicated /

...... Igla approach system. Docking of the solar arrays. Radio signals operating mode. The system had /
,_ collar contained ports for transfer from the antennas and electricity several layers of redundancy._ _.

:. of propellants and pressuram from generated by the arrayspassed * Attitude control and main l'
a docked Progress to Salyut 6's through "rotating connections" at propulsion systems were brought

, tanks. The aft port was connected the bases of the arraysto enter together in Salyut 6 to form the ¥I,
to the large-diameter work Salyut 6. Salyut 4 also had Integrated propulsion System
compartment through a small steerable arrays, though their (Russian acronym ODU). Both
intermediate compartment, functional details may have attitude control and main propui- ',

• Large-diamet"r compartment differed from those on Salyut 6. sion engines drew on the same i

longer than the one on the first- There was no fourth array supply of N_O( and UDMH ]
generation Salyut ! and Salyut 4 opposite the arrayon top because propellants. The two main !
stations (6 m vs 4. ! m). Omission it would have interfered with the engines each had 300 kg of thrust.
of the Soyuz-based propulsion instruments projecting from the The 32 attitude control engines i
module used on the first-genera- conical scientific instrument each had 14 kg of thrust? _

tion stations meant total station compartm_.nt,which opened to • To permit changeout and addition
length did not change, space on that side (the bottom) of of scientific gear, extra electrical

• As with the earlier Salyuts, Salyut the station.-" outlets for new scientific equip-
6's large-diameter work compart- * Guidance and control systems ment were provided within Salyut
ment was dominated by a conical concentrated in the Orientation 6's pressurized compartments.
housing for scientific equipment, and Motion Control System of the
For Salyut 6 it contained astro- Station (Russian acronym
nomical equipment, including the SOUD). It included gyroscopes,
BST- IM multispectral telescope ion sensors, solar sensors, star

7_
ao

'_ l(_ , ., " ...2 ._ ;_z: ...... . 4,. ;,
4
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Salyut/Mlr Soyuz/Progress Modules/Tugs

i I1_ Progress

, Progress-M '_lBi_ KvantwithFSM

;- _ Kvant

Kvant2

qll_, Kristall

Figure2-10. Keyto icons.$alyut 8 and Salyut7 eachhad two dockingports;
'" the Mirbase blockhas two dockingportsandfourberthingports. Multiple

• dockingportsmeartcontinualconfigurationchangesas spacecraftcomeand
_- : goand modulesare added. The iconsshownhereare combinedinsections
i • 2.7.3, 2.8.3, and2.9.3 to depictthe changingconfigurationsof the three

i' multimodularstationsthroughouttheircareers (1977-1994). The iconsand Icon
combinationsare strictlyrepresentative,anddonotdepictthe trueorientationof

• solararraysortruerelativesizes.
I I I I I

;_ 'y"

2.7.3 Salyut 6 Career

Changes in the configuration of the Salyut 6 station included dockings by Soyuz Ferry, Soyuz-T, Progress, and the /
'_.... Cosmos 1267 FGB, as well as Soyuz transfers from port to port. The icons on the following pages depict these changes.

Aligned horizontally with each icon are names (arranged to match icon positions) of spacecraft and station modules
i depicted and the inclusive dates of the configuration. Port transfers are shown by flipping the Salyut icon and leaving
: the Soyuz icon in place because it was Salyut 6 that rotated during port transfers. The text blocks below the icons cover

• important hardware-related events, such as anomalies and EVAs. Refer to figure 2-10 for key to icons. For more
information on Soyuz Ferry, Soyuz-T, and Progress vehicles mentioned, see sections 1.8.4.5, 1.12.3.2, and 1.10.4.2. For

'_ Cosmos 1267 FGB information, see section 3. _.4.
/

__ _ Selyut 6 September 29-October 10, 1977

: J :

_- Soyuz 25 * 8alyut 6 October 10, 1977

Unsuecmful Soyuz 25 docking, Soyuz 25 achieved sot1 dock with the new
Salyut 6 statler, inserting its probe apparatus into the conical drogue of the

i- Salyut 6 front port. Hard docking involved retracting the probe to pull the
station and spacecraft docking collars together. However, the docking collars

: would not latch. Cosmonauts Yladimir Kovalyonok and Valeri Ryumin had to
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return to Earth before their ferry's batteries became depleted. Engineers
theorized that the Sulyut 6 forward port onight have been damaged during
ascent, or that the Soyuz 25 docking unit was at fault. If the latter was true
(and they could not be certain, because the docking unit was discarded heft)re

reentry, along with the Soyuz 29 orbital module), then it was possible that the
several hard docking attempts had damaged the S_dyut6 fi)rward [x)rt, making
it unfit fiw future dockings. _M

Salyut 6 October 10-December 11, 1977

: 2.7.3.1 Salyut 6 Principal Expedition 1

Yuri Romanenko, Georgi Grechko
Crew code name--Tamyr

: Launched in Soyuz 26, December 10, 1977
Landed in Soyuz 27, March 16, 1978

.... 96 days in space

II

Sa.yut6. Soyuz26 December 11, 1977-January 11,1978
I '

Soyuz 26 docks at aft port, EVA Inspection of front port. The Tamyrs
• ,. docked with the station's aft port because of the Soyuz 25 failure. On Decem-
• bar 20 they conducted the first EVA from a Salyut space station. They

depressurizedthe forwardtransfercompartmentandopenedthe forward _:
dockingport. GrechkoandRomanenkoinspectedthe forward dockingport )
drogue and docking collar. They beamed color TV images of the unit to the •
TsUP in Moscow. Grechko reported, "All of the docking equipment--lamps, / ¢

electric sockets, latches--all is in fine order." The spacewalk lasted about 20 |i
rain, and depressurization lasted about 90 min. They repressurized the transfer t!::= compartment from storage tanks--a procedure first tested by the Soyuz 24
crew on Salyut 5 in February 1977. Their inspection confirmed that the Soyuz

: _ 25 spacecraft docking unit was at fault in its failure to hard dock, and that its
docking attempts had left the Salyut 6 front port undamaged. During this

• period,the Tamyrs extensively tested the Salyut 6's Delta automatic naviga-
tional system. On December 29 the Soyuz 26 main engine raised Salyut 6's

.... _ orbit. Because Soyuz 26 was at the aft port, Salyut 6's own engines could not
.... be used to raise its orbit.-_9,4o

!I1

m[am,Ji_¢_ soyuz 27 • Salyut 6 • soyuz 26 January 11-16, 1978 ,

I
Soyuz 27 arrives at Salyut 6. The Soviets humed to take advantage of the
undamaged Salyut 6 forward port. Soyuz 27 docked without incident at the
front port carr3 ing cosmonauts Oicg Makarov and Vladimir Dzhanibckov, who

. formed the first Visiting Expedition crew in the Soviet space station program
(or, for that matter, in any space station program). For the docking, the Tamyrs
withdrew to their Soyuz 26 spacecraft and scaled the hatch into Salyut 6

• behind them. This was done in the event of a depressurization emergency I
' - ............ associated with the docking of Soyuz 27. There was also some conccrn that

77
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stresses and vibrations produced when the 7-ton Soyuz 27 spacecraft contacted
the front port might transmit through Salyut 6, f_rcihly uncoupling Soyuz ?4
from the rear ix_rt.

Rezonans and first spacecraft lwap, The $oyuz 27-Salyut 6-$uyuz 26
combination massed about 33,000 kg and featured sevel_compartments: two
descent modules, two orbital modules, the transfer comp_ulment, the worl<
compartment, and the small all intermediate compmlrr,ent. The four cosmo-
nauts conducted many experiments, i_lcluding Rezonans, which was designed
to determine if resonant frequencies might threaten the structural integrity of
the three-spacecraft combination. The experiment called for the cosmonauts to

: jump around $alTut 6 on command from the TsUE The guest crew spent 5
days on $alyut 6, ti_enreturned to Earth in Soyuz 26, I_aving the fresh Soyuz

: 27 spacecraft for the Tamyrs. This was the first of many su_.hspacecraft
swaps.

_. _, _ Soyuz 27 * Sely_ut6 January 16-22, 1978

.r- T-r:

/ _ $oyuz 27 • Sslyut 6 * Progress I January 22-February 6, 1978

: ProgressI refuels Salyut 6. The firstProgressdeliveredwhat wouldbecome
,, the standardmanifestof food,air_water,andfuel. According to Sergei

_: Krikalev, in Progress' early days the cosmonauts rushed to unload delivered
supplies and reload the Progress with waste. By the time he flew for the llrst

,_: time (to Mlr, in 1988), thisprocedurehad beenmodifiedto let Progressserve '
" as a kind of storage room while docked. The Progress was retained for as long _,'_

as possible (until the next Progress was needed and ready for launch), and |
" cargowasremoved gradually,asneeded. For thispurpose,cargowas loaded /
.... sothatit couldbe takenoutin orderof anticipatedneed. Center-of-gravityand
_ volume limitations sometimes compromised this, however: _ For this first /'

Progress Rfueling operation, the Tamyrs fastidiously inspected Salyut 6's fuel _
lines for leaks for several days. Fuel and oxidizer were transferred February 2-
3. On February 5 nitrogen from Progress 1 purged the lines so they would not

:! spilltoxicpropellantontothedockingdroguewhen thesupplyshipundocked.

Soyuz 27 * Ssly_lJ¢.6_ February 6-March 3, 1978

8oyuz 27 * Salyut 6 * Soyuz 28 March 3-10, 1978 |

First Intereosmos mlsslon. Alexei Gubarev and Vladimir Remek fo1_ned the

Zcnit Visiting Expedition. Vladimir Rcmck, a Czech, was the first non-U.S./
non-Soviet space traveler. He flew as part of lntereosmos, a program of
cooperative space activities between the Soviet Union and other countries

:. (especially those in the eastern bloc). Remek's experiment program touched
on life sciences, materials processing, and upper atmosphere research.

78 ,: .

:]
.... .;._ j... .......... ,.

_J

00000001-TSO'l0



I
Part 2 Ahna_JSalyut/Mir

i__ 8oyuz 27 • Salyut 6 March 10-16, 1978

8alyut 6 March 16-June16, 1978

2.7.3.2 Salyut 6 Principal Expoditlon 2

VladimirKovalyonok,Alexandrlvanchcnkov
Crewcode name--Foton
Launchedin Soyuz 29. June15, 1978
Landedin Soyuz 31, November2, 1978
!40 days in space

Soyuz 29. Salyut 6 June-16-29,1978

TheFotonsstart workaboardSalyut6. UponarrivingatSalyut6,
Kovalyonokandlvanchenkovswitchedonthestation'sairregeneratorsand
thermalregulationsystem,andactivatedthe waterrecyclingsystem to repro-
cess waterleft aboardby theTamyrs. De-mothballingSalyut 6 occurred
simultaneouslywith the crew's adaptationto weightlessness, and required
aboutone week. On June 19 Salyut 6 was in a 368 km by 338 km orbit.#.

• Onboardtemperaturewas 200C,and air pressurewas 750 mnv'Hg. Soon after
this, Kovalyonok and Ivanchenkov performed maintenance on the station's t_,:
airlock,installed equipmenttheybroughtwith them in Soyuz 29's orbital /
module, and tested the station'sKaskad orientation system. The station /
operated in gravity-gradient stabilized mode June 24-26 to avoid attitude
control systemengine firings which could cause interference with a 3-day
smelting experimentusing the Splay-01 furnace. Theprevious crew installed

:',_ the furnace in the intermediatecompartmentso it couldoperate in vacuum.(= 1

Soyuz 29 *Salyut 6 *Soyuz 30 June 29-July 5, 1978 ;i

Poland Inspace. MiroslawHermaszewski,thesecond Intercosmoscosmo- l
naut, flew toSalyut 6 with PyotrKiimuk. His experimentprogramstressed i
life sciences,Earthobservations,and studyof theauroraborealis.

'1

Soyuz 29 * Slllyut 6 July5-9, 1978 I

.' _ Soyuz 29 • Solyut 6 • Progmee 2 July9-August2, 1978

' For Icon Key,see pase 76 79
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EVA and Progress 2. Progress 2 delivered, among other items, the Kristall
kiln. Fuel transfer was carried (rotunder TsUP control, leaving the c(Jsmonauts
free to do other ti_ings. Oil July 29, tile Fotons conducted all EVA to retrieve
detectors and materials samples launched attached to the Salyut 6 hull. Tile
EVA lasted 2 hr, 5 rain, Afterv :reds,tile tq:)tons replenished th_ Salyut 6 air

: • supply, which Ilad heen depleted hy the EVA, from tanks in l)rt)gress 2. They

then filled Pr.gress 2 with trash, it separated and det)rhited (m c()mmand lrom
tile q'sllP: _

Soyuz 211• Salyut 6 August E-10, 1978

Soyuz 29 • Salyut 6 August 21-27, 1978

Soyuz 29 • Salyut 6 • Soyuz 31 Au0ust 27-September 3, 1978

: East Germany In space. Valeri Bykovski and Sigmund Jllhnof East Germany
, formed the Yastreb crew. JOhn'sprogram focused on materials sciences, Earth

observations, and life sciences.

• Salyut 6 • Soyuz 31 September 3-7, 1978

.--|/
• Transfer from aft port to front port. The Fotons conducted the first transfer

of a Soyuz from the aft port to the front port of a space station. This became a ,'
routine procedure. They undocked Soyuz 31 and backed off to 100-200 m i,

• distance. Then the TsUP commanded Salyut 6 to rotate laterally 180°, placing _,
the front port before the waiting Soyuz 31 spacecraft. The operation freed the

41

aft port for additional Progress freighters.' |

l_il_lll_ Progress 4 • Salyut 6 • Soyut 31 October 6-24, 1978

ilJL,mL J Salyut 6 • Soyuz 31 October 24-November 2, 1978

80
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_ 8alyut 6 November 2, 1978-February 26, 1979
Salyut 6 propul_ian Ny_temmalfunction. Late in Salyut 6 Principal Expedi-

; lion 2, the F()tonshe,ted deviationsin the comr.I paranietcrsoithe fuel lines in
: the Salygt 6 propulsion system. During thin period, a.alysis ol readings from

six sens_)rsindicated a leak iz, one of tiire¢ re.ks iti the Salyut fl OI)U, UDMll
fucl had le_cd into the nitrogen presst_ri/,edbell.ws which pushed fuel from

' the lank t(I Salyul 6's rocket motors, It II)realened to damage nonmelallt¢ prrh
of a valve which lead into the "supercharging line," m)d to contaminate the
entire preJpulsio, sysl¢lrl, im:luding the amtude control system, *_,_

2.7.3.3 Salyut 6 Principal Expedition 3

Vladimir l.yakhov, Valeri Ryumin
- Crew code namc_Proton

Launcht:d in Soyuz 3Z, Fubmary 25, 1979
Landed in $oyuz 34, August 19, 1979

175 days in space j

Salyut 6 • Soyuz 32 February 26-March 14, 1979

l
r

am

, _ Progress 5 • Salyut 6 • Soyuz 32 March 14-April 3, 1979 '

t
Propulsion system repair. Repair procedures began on Match 15. Fuel in the t

,.. undamaged tanks was combined in one tank. The station was spun end over /
end so centrifugal force would separate UDMH fuel from the nitrogen

,._ pmssurant leaked from behind the ruptured bellows in the damaged fuel tank.
The fuel in the damaged tank was then pumped into the emptied good tank and

: into two tanks in Progress 5. 1'he damaged tank was then sealed off and
'_ opened to space for 7 days. On March 23 the tank was closed and filled with
.. nitrogen pressurant, then vented again. This procedure was repeated several

times in order to purge the tank of residual fuel traces. In addition, the
::_ "supercharging line" was purged. On March 27 the damaged tank was purged

: once more, filled with nitrogen, then sealed off from the rest of the fuel system,
leaving Salyut 6 with two functioning fuel tanks. The opening and closing of
valves was carried out by the crew under supervision of the TsUE 'v According

i _ : to Ryumin, the operation "restored the entire system," and "the success of this

operation enabted the station to fly several yeats beyond the end of the
:. program.,,4a

SIlyut 6 • Soyuz 32 April 3-May 15, 1979
,i

i,

Soyuz 33 malfunction. The Protons were to receive the Saturns, Nikolai
Rukavishnikov and Bulgarian Intcrcosmos cosmonaut Georgi Ivanov, on April
! 1. But Soyuz 33's main engine failed, forcing its return to Earth without
docking with Salyut 6. This cast doubt on Soyuz 32's engine and the engines

, : of other Soyuz Ferries. This in turn cast doubt on the Photons' ability to

:, For Icon Key, see pase 7 _ _ i
i
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complete their mission Soyuz 32 was nearint_the end of its rated 90-day
space endurance and needed to be replaced with a fresh craft?" The Satums
returned safely to Eallh on April 12 after a ballistic reentry,'"

,L. r
a_ ..............................

l_l__ Boyuz 34, Sllyul 6 * ISoyuz 32 Juno B-13, 1979j _

Soyuz 34 rephwes Soyuz 32, Progress 0 circularized Salyu! {)'s orbit on May
2_ in preparation for Ihc arrival of Soyuz 34, Soyuz 34 was launched un.
manned [o ,'eplace Soyuz 32, which had cxceeded its Nil-day slay limit on May

" 27, Arrival ol' Progress 34 helped ensure thai Ryumin and l+yakhov would he
ableto complclc their misshm. Soyuz 34 alsotesled improvcnlents to the

.. Soyuz main cnginc meant to prevent recurrenceof the Soyuz 33 failure. The
.. spacecraft delivered 200 kg of cargo, Soyuz 32 returnedto Earth unmanned

with a cargo of experiment results and malfunctioning Salyut 6 equipment.
The equipment was of intcrest to space station enginccrsY

.............................................................................l. . Soyuz 34 • Salyut 6 June 13-14, 1979

' i

1

"' I__, Soyuz 34 , Salyut 6 June 14-30, 1979 ,

,+ Port Transfer, The SovietstransferredSoyuz34 from the",d'tport to the front ,
' port by rotating Salyut 6. This freed the aft port for Progress 7. /

• _ Soyuz 34 • Salyut 6 • Progresl 7 June 30-July 18, 1979

.r-- r.j,

KRT-10 assemblyand deployment. Progress7 deliveredthe 350-kg KRT-10
: radio telescope. It comprised a total of seven pieces of equipment: antenna

reflector, "focal container and supports," "mechanism for securing the antenna
to the station," control console, "time block," and a package containing low-

frequency radiometers. The Protons asscmbled the antenna and its support
--Lib'' equipment in the station and Progress 7's dry.cargo compartment over a 2-

week period. Ryumin and Lyakhov had not seen the complete system before
: because the KRT-10 was still being tested and manufactured at the time they

were trained to assemble it. Control panels wcre attached to thc conical
• housing in the large-diameter compartment and data recorders to the station's
• "ceiling." A "cable entrance mechanism" was assembled in the intermediate

compartment, behind the device for sccuring the antenna to the station, which
filled the aft port. The diameter of the folded antenna was only 0.5 m. As
Progress 7 backed away from the station, Ryumin commanded the antenna to

• unfold from the aft port. A TV camcra on Progre.,'_7 transmitted a blurry
image of Salyut 6's aft port to the TsUP and the Tv aboard Salyut 6 as the

• KRT-10 openedto its full lO-m diamctcr, s2.m.s4

+ --

•' 82

;j
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_: Ir .... soyuz 34 • Salyut 6 July 18-August 19, 1979

Emergency EVA to remove KKT-10. On August 9 the KRT-IOantenna failed
to separate from Salyut O. Examination through the aft-facing ports indicated
that the antenna was snared on the aft docking target. This prevented further

Progress dockings and interfered with the engines. The Protons attempted to
free the antenna by rocking the station. After considering abandoning Salyut 6
--according to Ryumin, its primary mission was complete--crew and TsUP
agreed to attempt an EVA to remove the antenna. Ryumin and Lyakhov

:: performed the 83-rain EVA on August 15. With difficulty Ryumin deployed a
folded handrail, then clambered over the hml to the rear of the station. He
found that the KRT-10's ribs had torn th_ station's insulation. As Ryumin cut
cables the KRT-10 oscillated back and forth, threatening to strike him. Ryumin

.... carried a 1.5-m barbed pole to push the antenna away after he finished cutting
: it away from Salyut 6. Once the antenna was discarded, the Protons inspected
" the exterior of Salyut 6. They found that portions of its insulation had broken
i. off or become discolored. They also retrieved samples of materials that had
: been exposed to space conditions on $alyut 6's hull, and a portion of the
: micrometeoroid detector._. s_

,_i _ Salyut 6 August 19-December 19, 1979

I1-" t
Soyuz-T 1 • Selyut 6 December 19, 1979-March 23, 1980

,,
-_.'_

: Soyuz-T 1. This improved version of Soyuz was test-flown unmanned to 1
Salyut 6. It remained docked to the unmanned station, powered down, for 95 ,_
days, then returned to Earth.sT,sa

Salyut 6 March 23-29, 1980

i

Im

JIdlr_mJ_ Sslyut 6 • Progress 8 March 29-April 10, 1980

1

For Icon Key, see page 76 83
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2.7.3.4 Salyut 6 Principal Expedition 4

Leonid Popov,Valeri Ryumin
Crewcode name--Dneiper
Launched in Soyuz 35, April 9, 1980
Landed in Soyuz 37, October 1I, 1980
185days in space

Soyuz 35 • Selyut 6 • Progress 8 April10-25, 1980
' El '

Ryumln again in orbit. ValentinLebedevwas scheduled to be Leonid
Popov's flight engineer, but he required an operation after injuring his knee
while working out on a trampoline. Ryumin,of the last crew to visit Salyut6,
was called in to fill his place. Upon entering Salyut6, Ryuminnoted that the
two viewpons in the transfer compartment had lost their transparency. The
windows also had manychips in them causedby micrometeoroidsand orbital
debris?9 The cosmonautsreplaced components of the attitude control system
and life support system, installed a new caution and warning system, synchro-
nized the station's clocks with those in the TsUP, added an 80-kg storage
battery, and replaced air from tanks in Progress 8.

Soyuz 35 • Salyut 6 April25-29, 1980{ 1,

Soyuz 35 • Sslyut 6 • Progress 9 April 29-May 20, 1980 i

Progress9 pumpswater.BeforeProgress9, Saiyut6 crewmenhadto
transferwater into the station in 5-kg containers. Progress 9 featured the / :

Ii: Rodniksystem, by which crewmenrana pipe to the station's tanks. The cargo
ship transferred180kg of water in this manner.

_ _ Soyuz 35 • Salyut 6 May 20-27, 1980 1 I

7 r-

_ ' _ Soyuz 35 • Salyut 6 • Soyuz 36 May 27-June3, 1980

..... Hungary in space. VaieriKuba,_ovand BertaianFarkas formedthe Orion

VisitingExpeditioncrew. Hungary's experimentswere in the areas of materi- ',
sis processing,Earthobservation,and life sciences.

Salyut 6 • Soyuz 35 June3-4, 1980
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Salyut 6 • Soyuz 36 June 4-6, 1980
Port Transfer. Soyuz 36 was rcpositioned by rotating Salyut 6, freeing the aft
port for Soyuz-T 2.

Soyuz-T 2 * Salyut 6 • Soyuz 36 June 6-9, 19
" II '

:: Soyuz-T 2, This was a manned test flight of the successor to the Soyuz Ferry,
the Soyuz-T. Cosmonauts Yuri Malyshev and Viadimir Aksyonov spent only 2
days on Salyut 6 with the Dneiper resident crew.

mR

" _ Salyut 6 • Soyuz 36 June 9-July 1, 1980
II '

Running track breaks. Popov and Ryumin relied heavily on the running
track and bicycle ergometer to maintain their fitness so they could return safely
to Earthafter their prolonged stay in weightlessness. On June 15 their running

track broke, hut the cosmonauts avoided repairing it for several days, because
"it meant unscrewing a lot of bolts and would take a lot of time to repair."
However, doctors on the ground ordered them to increase their level of
exercise, so they had to repair the track?° Also at about this time, the cosmo-

nauts repaired the Kaskad attitude control system, in the process expending a
: large amount of fuel.

"i Progress 10 • Salyut 6 • Soyuz 36 July 1-17. 1980
'_" ?

"' 1 i j!

,,' _ Salyut 6 • Soyuz 36 July 17-.".4, 1980 /

i _ Soyuz 37 • Salyut 6 • Soyuz 36 July 24-31 1980

-.1
Vietnam in space. Viktor Gorbatko and Pham 'ruan of Vietnam arrived

aboard Salyut 6 in Soyuz 37, and returned to Earth in Soyuz 36. Tuan's 30
experiments involved observing Vietnam from space, life sciences (including
tests of growth of Vietnamese azolla water ferns, with application to future
closed-loop life support systems), and materials processing.

4

i_ Soyuz 37 • Salyut 6 July 31-August 1, 1980

_' _ Soyuz 37 • Salyut 6 August 1-September 19, 1980

Port Transfer. Soyuz 37 was repositioned by rotating Salyut 6, freeing the aft
• port for Soyuz 38.

For Icon Key, see pa_e 76 85
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Microgravlty at night. Ryumin noted in his diary on August 16 that every
night before going to sleep the crew activated the Kristall or Splay-01 materi-
als processing furnaces. This was done to reduce the level of disturbance

: caused by crew movement_ around the station, improving its microgravity
conditions for materials processing, hI Ryumin also commented that Splay and
Kristall could not be used at the same time,because they each placed a heavy

: load on the Salyut 6 power supply. Previous expeditions had operated the
furnaces for a maximum of 10-12 hr at a time, but for Salyut 6 Principal
Expedition 4, longer melts, of 120 hrand 60 hr, were carried out. The products
of these melts were large crystals. °-"

Fuel conservation and problems with showers. On September !0 Ryumin
_':: wrote in his diary that the experiments requiring that Salyut 6 be maneuvered
• - at a cost in fuel were complete, so the station was in a gravity-gradient
'_ stabilization mode at least until the next Progress arrived. In this mode it

pointed the aft end of the Soyuz 37 spacecraft toward the Earth. This made
Earth observations convenient, as most of the windows not blocked by
equipment were located in the transfer compartment and pointed toward Earth.
Ryumin also noted that he and Lyakhov had decided to postpone their monthly
shower. "When you begin to think of all the preparatory operations you have

: to do, and then how many post-shower operations you have to perform, the
desire to take a shower diminishes. You have to heat the water, in batches, no
less. You have to get the shower chamber, set up the water collectors, attach

/

the vacuum cleaner.., it takes nearly the entire day just for that shower," he
' complained.63

,i_: _ Soyuz 37 * 8alyut 6 * Soyuz 38 September 19-26, 1980
' I ',L

" Cuban In Space. The Soyuz 38 docking occurred in darkness. As the
,, : spacecraft approached Salyut 6, the Dneipers could see only its "headlights,"

Ryumin filmed ignition and operation of the transport's main engine/'_
"i Arnaldo Tamayo-Mendez of Cuba and Soviet cosmonaut Yuri Romancnko '
• docked without incident.

• _ Soyuz 37 * Salyut 6 September 26-30, 1980

-r----i.-

_ Soyuz 37 * Salyut 6 • Progress 11 September 30-October 11, 1960

Principal Expedition 4 ends. Ryumin reported that his last I0 days on Salyut
6 were very busy, The Dneipers unloaded Progress 1i, changed out the

i. station's communications equipment, and mothballed the station, Ryumin
considered the communications gear changeout the most serious repair
operation the Dneipers had carried out.

/

Salyut 6 • Progress 11 October 11-November 28 1980
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2.7.3.5 Salyut 6 Principal Expedition 5

Leonid Kizim, Oleg Makarov, Gcnnadi Strekaiov
Crew code name--Mayak
[_oyuz-T 3. November 27-December 10, 1980
13 days in space

11November28Oeoom0er91080
Experiments and repairs. The Mayaks were the first three-person space
station crew since Soyuz i I in 1971. Part of their mission was to further test
the Soyuz-T. During their brief stay on Salyut 6, they performed the usual
experiments using the Splay and Kristali units, and studied "biological objects"
they brought with them in Soyuz-T 3. They used the Svetoblok anct Oazis
units. Much of their time, however, was devoted to space station maintenance.
On December 2 they commenced conducting the Mikroklimat experiment to

: assess the station's living conditions, and began work on the thermal control
system. They installed a new hydraulic unit with four pumps. On December 4
they replaced electronics in the Salyut 6 telemetry system. December 5 saw"' 2

them repairing electrical system faults. Other repairs included replacement of
" a program and timing device in the onboard control system and replacement of

a power supply unit for the compressor in the refueling system. The Salyut 6 t
Principal Expedition 4 crew in the TsUP provided the crew with advice as they

- made their repairs. On December 8 Progress 1! carried out an orbit correction
for the complex. 6s

d

Soyuz-T 3 • Salyut 6 December 9-10, 1980

i- _ Salyut 6 December 10, 1980-January 26, 1981 L

r--

: Salyut 6 • Progress 12 January 26-March 13, 1981

! ,I" i

!
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2.7.3.6 Salyut 6 Principal Expedition 6

! Vladimir Kovalyonok, Viktor Savinykh
• Crewcode name--Foton

Soyuz-T 4. March 12-May 26, 1981

75 days in space

l/

+ _l_i_:_l_ Soyuz-T 4 • Salyut 6 • Progre=l 12 March 13-19, 1981
, g--[

::i Ja,__ Soyuz-T 4 • Salyut 6 March 19-23. 1981C-T,
!

_ Soyuz-T 4 • $alyut 6 • Soyu_ 39 March23-30, 1981

, Soyuz 39 Intercosmos flight. Soyuz 39 docked with the first Mongolian =
cosmonautaboard. The Fotons assistedthe Intercosmoscrew with station

equipment andorientedthe stationaccordingto the needs of theVisiting
, ; Expedition'sexperiments. On March 24 the cosmonauts installedcosmic ray J

detectorsin the work andtransfercompartments.On March26 thecosmo-
, i ''_- nautsperformedthe Illyuminator("viewing port")experiment,which studied "+

- the degradation of the station's viewports. On March 27 Kovalyonok and
,+ .:,+

Savinykh used the Gologramma("hologram")apparatusto image a viewing
port damagedby micrometeoroids. Theyrepeated this March28, when they
also collectedsamples of the station'sair and microfioraand removedthe I

'_ cosmic raydetectorsfor returnto Earth. March 28-29 were largelydevoted to /'
studies of Mongolia fromspace. The VisitingExpeditioncrew checkedout /

theirspacecrafton March29. The Sovietnews service Tassnotedthatby
• March 29 Salyut 6 had conducted 20,140 revolutions of Earth.++ i
i t

i_+ _ Soyuz-T 4 • Salyut 6 March 30-May 15, 1981

' 1-"
Ill

Soyuz-T 4 • Salyut 6 • Soyuz 40 May 15-22, 1981
" II

: Last Soyuz Ferry docks. Soyuz 40 was the last Soyuz Ferry and the last
: Soyuz spacecraftto dockwith Salyut6. It also endedthe firstphase of the
: lntercosmos program by carrying Romanian cosmonaut Dumitriu Prunariu and

Soviet cosmonaut Leonid Popov to the station. Prunariu studied Earth's
magnetic field. Earthobservationshad to be delayeduntil the last day of his

,+ flight, when Salyut 6 at last passed over Romania in daylight. During this time
the crew also testedthestation'sorientationsystem.
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110.: ;i_ Soyuz-T 4 • Salyut 6 May 22-26, 1981¢

0* . ,, Soyuz-T 4 orbital module • Salyut 6 May 26-31, 1981

Soyuz-T 4 leaves behind orbital module. This procedure was first followed

on Soyuz-T 3, though then the module was left attached to the station for only
a few hours.

Salyut 6 May 31-June 19, 1981

_ Cosmos 1267 FGB • Salyut 6 June 19, 1981-July 29, 1982
-, Cosmos 1267 docks. Cosmos 1267 was the FGB component of a TKS vehicle

launched on April 25, 1981. Its Merkur capsule had _parated and landed in
the Soviet Union on May 26.

Salyut 6 held In reserve. Salyut 6's replacement, Salyut 7, was launched on

April 19, 1982. Salyut 6 remained in orbit, still docked to Cosmos 1267, at an _,
average altitude of 385 km. The aged laboratory remained in orbit until after

the conclusion of the joint Franco-Soviet mission to Salyut 7 (June 24-July 2), _i
then was deorbited using the engines on Cosmos 1267. It may have been kept

; /

in orbit as a backup for the Franco-Soviet mission in the event Salyut 7 failed
- or had its launch delayed2 _ Sending Chretien to Salyut 7 seems to have

• ' represented a change in plansmin 1979, a French publication had quoted
Vladimir Shatalov, head of cosmonaut training, as saying that a French

• cosmonaut would visit Salyut 6. The same publication stated in !981 that

' Cosmos 1267 had been scheduled to be undocked from Salyut 6 to make ready '!
for the joint Franco-Soviet crew, but that it was more likely that they would
dock with Saiyut 7) 8.0_

!

I

• For Icon Ke._;see page 76 89

• " ii

00000002-TSA08



t
Mir tlardware Heritage

2.8 Salyut 71DOS-6 (April 19, 1982-February 7, 1991)

2.8.1 Salyut 7 Specifications

l,cngth ....................................................... about 16 m
Maximum diameter .................................. 4.15 m

.... Habitable volume ..................................... 90 m_

Weight at launch ...................................... 19,824 kg
. Launch vehicle ......................................... Proton (three. stage)

Orbital inclination .................................... 51.6 °
:_
: Span across solar arrays ........................... 17 m

Area of solar arrays .................................. 51 m"
Number of solar arrays ............................. 3
Electricity available .................................. 4.5 kW

i Resupply carriers ...................................... Soyuz-T, Progress, TKS
Number of docking ports .......................... 2
Total manned missions ............................. 12
Total unmam_ed missions ......................... 15

Total long-duration missions .................... 6
Number of main engines .......................... 2

' Main engine thrust (each) ......................... 300 kg

%

2.8.2 Salyut 7 Notable • To kill bacteria on the station, two • A suite of X-ray detection
Features portholes admitted ultraviolet instruments replaced the BST-IMt.

radiation. A large porthole for multispectral telescope.

astronomy was added to the * Three sets of steerable solar arrays _[
• In most ways very similar to transfer compartment. All fitted with attachment points for /_

, Salyut 6 (figure 2-9). Below are portholes were shielded from extensions. Extensions would be

some differences, micrometeoroids by transparent added as the original arrays .'
: . Living conditions improved over covers when not in use. degraded in order to keep 8alyut

those on Salyut 6. For example, • Improved exercise and medical 7's electrical supply at a useful
!_ Salyut 7 had hot plates for heating facilities, level.
,i foodandcontinuouslyavailable ,,I

hotwater.
,l
d

2.8.3 Salyut 7 Career

Changes in the configuration of the Salyut 7 station included dockings by Soyuz-T, Progress, the Cosmos 1443 TKS. and

the Cosmos 1686 space station module, as well as Soyuz-T transfers from port to port, The icons on the following pages
depict these changes. Aligned horizontally with each icon arc names (arranged to match icon positions) of spacecraft
and station modules depictcd and the inclusive datcs of the configuration. Port transfers ate shown hy flipping the
Salyut icon and leaving the Soyuz icon in place because it was Salyut 7 that rotated during port transfers. The text
blocks below the icons cover important hardware-related eve.ts, such as anomalies and EVAs. Refer to figure 2-10 for
key to icons. For more information on Soyuz-T and Progress vehicles mentioned, see sections !. 12.3.3. and I. 10.4.3,
For more information on the Cosmos 1443 TKS and Cosmos 1686 modified TKS, see sections 3.3.4 and 3.4,

° _ flalyut 7 April 19-May 14, 1982 i
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2.8.3.1 Salyut 7 Principal Expedition 1

Anatoli Berezevoi. Valentin l,ebcdev
• Crew code name--Elhrus

Launched in Soyuz-T 5, May 13, 1982
l.aqded in ,Soyuz-T 7, December 10, 1982
21 ! days in space

r _ Soyuz-T 5 * Salyut 7 May 14-25, 1982

._ Launch of lskra 2. The Elbrus crew ejected a 28-kgamateur radio satellite
from a Salyut 7 trash airloek on May !7. The Soviets called this the first
launch of a communications satellite from a manned space vehicle. They did
this ahead of the launch of two large geostationary satellites from the U.S.

i . Space Shuttle fSTS-5, November 11-16, 1982).70

Soyuz-T 5 * Salyut 7 * Progress 13 May 25-dune 4, 1982

x r..-=
. ViolationofProgressdockingprocedure.The hatchfromtheworkcompart-
.. menttotheintermediatecompartmentwas tobeclosedwhen aProgress

' docked,butLebedevandBerezevoiwishedtowatchtheapproachthroughan

• ,, . aft-facing porthole in the intermediate compartment. They therefore *'clamped
the endpoints of the hatch, thus simulating its closure for the TsUP's benefit."

" They forgot to remove the clamps after Progress i 3 docked, giving the TsUP
,-: an indication that the hatch remained closed even though the Elbrus crew

--. moved back and forth between Progress 13 and Salyut 7. The TsUP gently
called them out for this violation of procedure? t

Unloading Progress 13. On May 25, the Elbrus crew reoriented Salyut 7 so
' the aft end of the Progress pointed toward Earth. This placed the station in

gravity-gradient stabilization. Lebedev remarked in his diary that the attitude
control jets were "very noisy," and that they sounded like "hitting a barrel with
a sledgehammer." Of Salyut 7 during the unpacking of Progress 13, Lebedev

_ said, "It looks like we're getting ready to move or have just moved to a new
_ _tpartment." The following day the Elbrus crew closed the hatch from the work

) compartment into the intermediate compartment so the TsUP could pump fuel
: from Progress !3 to Salyut 7. The crew monitored the operation but played

little active role in it. May 29 was spent organizing the supplies delivered. At
the same time, according to Lebedev, "we filled the resupply ship with what
we don't need and tied them down with ropes. When i enter the resupply ship,

' it jingles with a metallic sound, so when we separate it will sound like a brass
_, hand." Progress 13 p, mped 300 liters of water aboard on May 31. On June 2

Progress 13 lowered the station's orbit to 300 km to receive Soyuz 'i"-6::

For Icon Ke); see page 76 91
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8oyuz-T 8 • Bslyut 7 June 4-25, 1982
Taking a shower in space. June 12 was bath day o. Salyut 7, the day the

t'_lhruscrew was permitted its first monthly sl_ower. Sh_wcrin_gwas a c_:nph
cated process.--so much so that the shawers, whicl_ were expected to ht_
completed by noon, lasted until after 6 p.m. On June 15 i_bedev rel_,ned that
a brown residue had been deposited between tht: panes o| Salyul 7's tIV-
transparent portholes. The residue was appmently prt,du_¢dwhen UV radia-
tion struck the rubber gasket surn)undlng the panes. 7_

Ill

• _ floyuz-T 5 * Sslyut 7 * goyuz*T 6 June 2S-July 2, 1982
" II "

<' Garbage disposal, and the French assessment of Salyut 7. During the stay
of the Soyuz-T 6 Visiting Expedition, the Elbrus gave visiting Frenchman
Jcan-Loup Chretien "the honor" of ejecting a satellitc_Salyut 7's wcekly bag

• of waste_from the small trash airlock. In his diary, Lebedev quoted Chretien
• as saying Salyut 7 "is simple, doesn't look impressive, hut is reliable.""

?

$oyuz-T 5 * Salyut 7 July 2-12, 1982

r-r- 1
'. , |

_ _ Soyuz-T 5 • Selyut 7 • Progress 14 July 12-Augu,: 10, 1982 _,

Plumbing problems. In his July 15 diary entry, Lebedev described how he /
woke in the middle of the night to urinate, only to find that the toilet (ASU
system) overfill light was on. "If we were home, we could go outside," he

. wrote. But that's not a viable option up here, so I had to hold it for a whole
hour while I pumped the urine out of the ASU." Lebedev had other problems
with the water system later in the day; for a t_me he believed he had pumped

i waste water into the fresh water, spoiling the entire 500 liter supply.7_

: Debris in the air and cleaning Salyut 7. In his diary for July 23, Lebedev
•" described how dust, trash, food crumbs, and droplets of juice, coffee, and tea

floated in Salyut 7's air. Most eventually ended up on the cheesecloth which
: covered the intake grills of the station's air circulation fans. lie said that the

": crew periodically disposed of these and replaced them with new ones. He also
: described a "wet cleaning" of Salyut 7.Once a week the crew used wet

napkins soaked with katamine (a scouting detergent) to wipe the panels,
handrails, hatches, control panel surfaces, and table. They also opened the

! wall panels and vacuumed the cable bundles, pipes, and fan grills. 7_

EVA--space construction experiments, On July 30, after more than a week

of preparation, Lebedev and Berezevoi conducted a 2.5 hr EVA. Opening the
• hatch from the transfer compartment to the station hull produced a outgust of
: lost screws and bolts, dust, and a pencil. Lebedev first installed a movie

camera and a floodlight. Then he replaced samples on the Etalon space
exposure experiment, a checkerboard of different materials. He deployed and
attached himself to the Yakor foot restraint platfiwm. Once there, he spent

i
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considerable time looking at the l_.arthand inspe-cting the station. I.ehcdcv was
impressed hy how still and silent the slati,m's exterk_r scenlcd, given its

-. ecmlplex and nc)isy inleri.r mechanisms, lie noted Ihat the green insulati,m on
Saiyut 7 hild already faded and I_ecome grayish, hut was .Iherwise undamaged
lie also noted two fillded Yakor fo_ltrestraint,, aml a cable winch near the base

_ _1 one _f tile s_lar arrays. Part of the purpose of his I:,VAwas t. perfiwm
i assembly and disassembly tasks t_)allow him to judge tile 1Oasihilily of the

next crew using these Io put in place solar array extensio,_s, Then the l_lhms
replaced the micmmeteoroid, Medusa hiop_dymcr, and l_last Ihermo-illsulation

• samples panels, l.chedev worked with the lstok paucl, whit:h tested his ability
to turn bolts using a special wrench. When the station m_wed into sunlight,
l,ehcdcv could foul through his gloves that the I'VA handrails became hot. The

cosmonauts instaUcd additional experim,'nts before returning t_ the :ransl'cr
compartment, At'tot the EVA they spent a day storing their spate suits,

: Lebcdev found a 20-mm dent in his helmet, with a small split in the metal.
possibly produced by striking it on apparatus in the transfercompartment.

, "Thank God the helmet is built with doublc layers of metal," hc wrote in his
.... diary.77,7,

IlK

: _ Soyuz-T § • galyut 7 August 10-20, 1982

Soyuz-T 5 • $111yut7 • Soyuz-T 7 August 20-27, 1982
- I -

, Soyuz-T 7 Visiting Expedition. The Soyuz-T 7 crew (code name Dneiper) _,_
included Svetlana Savitskaya, the first woman to visit space in 20 years. She
was given the orbital module of Soyuz-T 7 for privacy. The Soyuz-T 7 crew

:-: delivered experiments and mail from home to the Elbrus crew. On August 21
:" the five cosmonauts traded seat liners between the Soyuz-Ts. The Dneipers

undocked in Soyuz-T 5, leaving the newer Soyuz-T 7 spacecraft for the long-

duration crew.TM il

,__ $olyut 7 • Soyuz-T 7 August 27-29, 1982

_ Salyut 7 • Soyuz-T 7 August 29-September 20, 1982

Port Transfer. Soyuz-T 7 was repositioncd by rotating Salyut 7, freeing the
aft pon for Progress 15.

Salyut 7 is home. On September I Lcbedcv concluded his diary entry:

I look around the station and view it with a different attitude. Now I

think of it as home. The whole place looks so familiar. Everything in it
is so neat and dear to me now. When I look at the interior of the station,
I feel no alienation, no sense that my surroundings are temporary or
strange. Everything is ours. We've touched ever3, square millimeter
and object in here. We know exactly where every piece of equipment is
mounted, not from documentation but from memory. Many little de-
tails, such as photographs on the panels, children's drawings, flowers,

For leon KO: see pal_e 76 93
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and green plants in the tlatden [lhe Oazis, Fit(in, and other plant growth
units], turn thi,i hiltli lechcomplex intoour latin and comlilnahlc, if a
little hit unusual honle_

, Em/rlincy drill_, fin Seplelnher 7 thi_ ciiSlllonauli practicedprllizedurcs

which would conic inii) play ill the event of adepressuriziiti.n ill tile station
Thl_COSlilOlia.l,iuseda prl:Nsureilicii,iurcnlUlil devicl: clllled l)iusi_ Io {:al..hm:
the tithe until the stalilln ,i pie,i_url_dr-pped ill _(lii ram/lie 1hi.i would tell
them how hill t the), had Ill dcacltvlll¢ the sialion, gallil_rellperinii_nl iesuli,i and
records, put (.ill H)acesuitsand enter their S_yu#T Ac¢ordinI Ill l.¢bcdev s
diary, the IliOSldanllcrous evaeulllion sl:¢liarilis were Iliosl_alhiwtng li .tin or
less liw anes¢lipe "in sucha situation the llalioil could niil IN:savcd," he
wrote I1¢also desciil_d aSC¢llarioin which ihelr Soyu#oT ,_uffcrcda leak
(they would chise lh¢ Imieh Iclldingintil the daniiigcderali andawait a rest.us
ship) According Viil.ehcdcv, "we have permissklnfor anciTlergencylanding
anywhere on 17,atih,although wc would certainly do everything l(i land on

: 5oviet territory, or at least on the ground." Specific contingency landing iweas
ate the U.S. Midwest (90°-105 ° W, 42_-49 ° N), southern France, and tile Sea
of Okhotsk? _ A bag containing experiment results was always kept near the

: Soyuz-T. According to Lebedev, a pressure drop requiring all hour to reach the

. - critical level would give the crew time to locate and repair the Ic',lk. This
would he done by sealing off the different compartments until the damaged one

. was identified. In the event of a fire, the crew would turn off all electrical

. equipment, put on protective suits and respirators, and use a fire extinguisher) 2

t
Progress 15 * Sdzlyut7 • Soyuz-T 7 September 20-October 14, 1982 ,p

L ,i

Salyut 7 * Soyuz-T 7 October 14-November 2, 1982 )

J

Progress 16 * Salyut 7 * Soyuz-T 7 November 2-December 10, 1982 {
' II "

]skra 3. Progress16deliveredthe [skra3 satellite. ]t was deployedfrom the
trashairloek on November 18.

Progress 16 • Salyut 7 December 10-13, 1982
• t

Salyut 7 December 13, 1982-March 10, 1983

Smlyut 7 * Coamom 1443 March 10-June 28, 1983
Cmimo_ 1443 docks, The third TKS vehicle was launched (in March 2. After

docking, the Cosmos 1443 propulsion system wi_ used to Iowcr the average
orbit of the combination below 300 kin.

94
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Noyuz-T Hfailure. The Sovi_t_ altelJlptcdt,bn|an Salyut 7 with _hc_hl_e
persont'rew ,ff St)yu/-'I' 8 an April 2 I. I h_w_:w:r,the 5,,yu;, Igla approach
_ySIClll alltt_lll];t wil_ dan]agedduling _4'_t:ent. 'l'h_ crew ;itlelllpled i| Inanu;d

docking, hut were I'_.'ccdIt) ¢,dl zl ,d'f andreturnt_)l'_arlh. FurtherallVnq]l'_l(z
ntal|Salyul 7 ¢_).ld nt_tlake placel,,r 2 IIRll|th'_l}¢L'au'_c()f launchmzdahtm
lighting ¢ol|Ml'aill[_,"

2•8.3.2 Salyut7 PrincipalExpedition2

Vladimir l.yakhov and Alexandr Alexandrov
(!few _,'odL_ Ila11|_---.Proton

Noyuz.T 9. June 27-November 23 19H3
14_Jdays in space

g+ ................ I_ID _,_. jili._ Soyuz-T 9 * Salyut 7 * Cosmos 1443 June 2a-August 14, 19o3
:" Protonsunload Cosmos1443. Almost immediatelyafterdockingat Salyut

7's aft port, the ProtonsenteredCosmos 1443andcommencedtransfetTingthe
3.5 tons of cargo lining its walls to Salyut 7.

Window impact• On July 27 a small object struck a Salyut 7 vlewpon, it
:" blastedouta 4-mm crater,butdid notpenetratetheouterof the window's two

panes. The Soviets believed it was a member of the Delta Aquarid meteor
shower, though it may have been a small piece of orbital debris N._

• Soyuz-T 9 • Salyut 7 August 14-16, 1983 "

IS
Casting off Cosmos 1443• The Protons loaded Cosmos 1443's Merkur
capsule with 350 kg of experiment results and hardware no longer in use. it
could have held 500 kg, had they had that much to put in. Cosmos 1443 then
undocked, in spite of Western predictions that the FGB component would

:, remain attached to Salyut 7 as a space station module. The Mcrkur capsule
soft-landed on August 23, and the FGB component continued in orbit until it
was deorbited over the Pacific Ocean on September 197 '

_mlO<_ S,Jyuz-T 9 • $alyut 7 August 16-19, 1983 i
Port Transfer. Soyuz-T 9 was rcpositioned by rotating Salyut 7. freeing the _l

; aft port for Progress !7. |

' _ ................... SoYuz-T-9* smlyutTeProgree_ 17 AugUs; 19-september i7_ i983
Salyut 7 propulsion system failure. During refueling by l_x)gress17,the
main oxidizer line of the Salyut 7 pn)pulsion system ruptured. The seriousness
of the malfunction was not immcdiately apparent in the West. However. after

the malfunction, Salyut 7 had to rely on the main propulsion systems of
visiting Progress frcightcrs for maintaining orbital altitude.

For Icon Key, see page 76 95
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I__ Soyuz-T 9. Salyut 7 September 17-October 22, 1983

11"--
r

Soyuz rocket launch failure. The Protons expected visitor:',in late September.
On September26 a Soyuz spacecraft beanngVladimir Titov andGennadi
Strekaiov stood atop a Soyuz booster at Baikonur Cosmodrome. About 90 sec
before planned launch time, the booster caught fire. Titov and Strekalov, who
had been unable to dock with Salyut 7 on the Soyuz-T 8 mission, weru plucked

i: free of the booster,which subsequentlyexploded._
FII
_" Soyuz-T 9 • Salyut 7 • Progress 18 October 22-November 13, 1983

First and second EVAs.--solar array augmentations. During his EV_ of
July 30, 1982, Valentin Lebedev tested space assembly and disassembly
techniques to pave the way for the augmentation of Salyut 7's solar arrays.
The station was designed to have its arraysaugmented as their efficiency

i gradually diminished. The actual installation of the augmentation panels was
to be done b_ "the new crew on the next mission. ''sT The arrays were delivered
by Cosmos 1443. However, the next mission, the three-person Soyuz-T 8, was
unable to dock. The Protons docked with Salyut 7 in Soyuz-T 9, and removed
the panels from Cosmos 1443 before casting it off. Soyuz-T 8 crewmen Titov
and Strekalov, who were trained for the panel augmentation EVA, were then
grounded by the September 26 Soyuz booster explosion. It was up to Lyakhov
and Alexandrov to carry out the much-delayed _ugmentation EVAs. They used

;_. two Yakor foot restraints installed on Salyut 7 near the base of the solar array.
Their first EVA, on November 1, lasted 2 hr, 49 rain. The cosmonauts "addeda

new panel to one edge of Salyut 7"s top (center) array. The second EVA, on
November 3, was a repeat of the first. It lasted 2 hr, 55 rain. Together the two
new panels increased Salyut 7's available electricity by 50%. The Protons
replaced air lust _hruugh the EVAs from tanks in Pro[ress 18 before casting it
off. "s,s9 Progress 18's main engine raised Salyut 7's altitude to 356 km by 326

! km on November 4.

-!' Soyuz-T 9 * Salyut 7 November 13-23, 1983

,, J_ Sa:yut 7 November 23, 1983-February 9, 1984

"1"
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2.8.3.3 Salyut 7 Principal Expedition 3

Leonid Kizim, Viadimir Solovyov00ieg Atkov
Crew code n_tlle--Mayak

Launched in Soyuz.l' 10, Februar_r8, i_84
r Landed in Soyuz.T 11, October 2, 1984

237 days in space

: _maJ_ floyuz-T 10 • flalyut 7 February 9-22, 1984

r--g-.
Mayal_ arrive, The th:ee-person Mayak crew entered the darkened Salyut 7
station carrying flashlights. The cosmonauts commented on the burnt-metal

odor of the drogue docking unit. By February 17, Salyut 7 was fully reacu-
.. vated, and the cosmonauts had settled into a routine. Physician Oleg Atkov did
o household chores and monitored his own health and that of his colleagues, who
_ conducted experiments.

............ Soyuz-T 10 • Salyut 7 • Progress 19 February 22-March 31, 1984

!

_ Soyuz-T 10 • Salyut 7 March 31-April 4, 1984

T--3...
_ d

Soyuz-T 10 • Salyut 7 • Soyuz-T 11 April 4-11, 1984 1

v-r_-- T /

Indian cosmonaut. Rakesh 5harma conducted an Earth observation program / ,
concentrating on India. He also did life sciences and materials processing |
e:.j_eriments.

i :: _ Sslyut 7 • Soyuz-T 11 April 11-13, 1984
|--- ,

_ 8elyut 7 • Soyuz-T 11 April 13-17, 1984 t

Port Transfer. Soyuz-T ! 1 was repositioned to the front port by rotating
Salyut 7, freeing the aft pert for Progress 20.

.... Progress 20 • Salyut 7 • Soyuz-T 11 April 17-May 6, 1984

First, second,third, and fourth EYAs---flrst phase of Salyut 7 propulsion
system repair. The propulsion systems of Progress spacecraft filled in for the
Salyut 7 propulsion system after its main oxidizer line ruptured in September
1983. Progress 20 delivered a special ladder for teaching the area of the
damaged line. In addition, before launch the exterior of l_ogress 20's orbital

For Icon Key, see pase 76 97
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module was fitted with a special extension with *,)orrestraints, as well as with
containers for 25 special tc_ols. Kizim and Solovyov spent 4 hr, 15 rain outside
Salyut 7 on April 23. They attached the ladder and prepared the repair site.
On April 26 the cosmonauts cut through thernlal insulation and the station's
hull to reach the damaged plumbing. They installed a valve in the reserve
propellant line before going back inside Saiyut 7. The second EVA lasted
about 5 hr. On April 29 they again returned to the repairsite. They installed a
new propellant line to bypass the damaged section in 2 hr, 45 rain. During a
fourth EVA, on May 4, Kizim and Solovyov installed a second bypass line and
covered the opening in Salyut 7's side with thermal insulation. However, they
were unable to complete repairs because they lacked tools to close the by-

": passed propellant line. The fourth EVA lasted 2 hr, 45 rain. _

Salyut 7 • $oyuz-T 11 May 6-10, 1984

--I '

• __:_ Progress 21 • $elyut 7 • Soyuz-T 11 May 10-26, 1984
i

Fifth EVA--second solar array augmentation. Progress 21 delivered two
9 m2solar array extensions, similar to those added by the Salyut 7 Principal

Expedition 2 crew. Solovyov and Kizim added them in an EVA May 19 which
lasted over 3 hr. During the EVA, Atkov remained inside Salyut 7. He rotated I

•- the array 180° to bring its other edge within reach of the spacewalkers,
permitting them to attach the second panel without having to move their foot

, restraints and equipment. The handle used to operate the winch for raising the _,
_ arraybroke, but the cosmonauts were able to complete the operation. I

i /
Ill

• :. _ Salyut 7 • Soyuz-T 11 May 26-30, 1984 /

..,l[ -1
•_._-ml_ __JL Progress 22 • Salyut 7 • Soyuz-T 11 May 30-July 15, 1984

Salyut 7 • Soyuz-T 11 July 15-18, 1984

--ll •a

• _ Soyuz-T 12 * $alyut 7 • Soyuz-T 11 July 18-29, 1984
" II "

Soyuz-T 12. The Pamirs, the second Visiting Expedition to visit the Mayaks,
included veteran cosmonaut Vladimir Dzhanibekov, Buran shuttle program
cosmonaut Igor Volk, and Svetlana Savitskaya. On July 25 Dzhanibekov and
Savitskaya performed a 3 hr, 30 min EVA, during which they tested the URI
multipurpose tool. They cut, welded, soldered, and coated metal samples.

: - During the Pamirs' stay, the six cosmonauts aboard Salyut 7 also conducted
Rezonans tests and collected station air samples.
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Salyut 7 • Soyuz-T 11 July 29-August 16, 1984

Sixth EVA_propellant system repair completed. Soyuz-T i2 delivereda
pneumatic hand press. The tool was used during an August 8 EVAto crush
both ends of the bypassed fuel line, sealing it. Solovyov and Kizim also
collected a piece of a solar array for analysis. In spite of the repair, Salyut 7's

, main propulsion system was not used again to boost the station's orbit.

Progress 23 • Salyut 7 • Soyuz-T 11 August 16-26, 1984
' ii

_ Salyut 7 • Soyuz-T 11 August 26-October 2, 1984
--I "

i I_ Salyut 7 October 2, 1984-June 6, 1985
I

: Salyut 7 comatose. In Februa D the Salyut 7 space station abruptly ceased
' communicating with the TsUP. On Match 2 the Soviet newspaper Pravda

printed the following announcement:

In view of the fact that the planned program of work on Salyut 7 has
been fulfilled completely, at the present time the station has been

•'--, deactivated and is continuing its flight in automatic mode? t

2.8.3.4 Salyut 7 Principal Expedition 4 /'

,:: Yladimir Dzhanibekov, Viktor Savinykh
Crewcodename--Par,air

:, Soyuz-T 13, June 6-September 26, 1985
_ 112 days in space

Savinykh remained aboard Salyut 7 when Dzhanibekov departed in Soyuz-T 13.

. Salyut 7 * Soyuz-T 13 June 8-23, 1985

: Salyut 7 revived. The March 2 announcement notwithstanding, by the end of
" March the Soviets resolved to attempt a Salyut 7 rescue, The effort turnedout

to be one of the most impressive feats of in-space repairs in history. As the
: Pamirs approached the inert station, they saw that its solar arrays were pointing

randomly as it rolled slowly about its long axis. They used a handheid laser
range finder to judge their distance, and conducted a fly-around inspection to

• " be _enain the exterior was intact. Dzhanibekov noted that the thermal blankets

_ on the transfer compartment had turned a dull gray from prolonged exposure to
_ sunlight. Upon achieving hard dock--the first time a Soyuz docked with an

• inactive station--the crew confirmed through the electrical connectors in the
docking collars that the Salyut 7 electrical system was dead. They carefully
sampled the air in the station before opening the hatch. The station air was

For Icon Key, see page 76 99 ) ",
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very cold, but breathable. Frost covered the walls and apparatus. The cosmo-
nauts wore winter garh, including fur-lined hats, as they entered the station.
The first order of business was to restore electric power. Of the eight batteries,
all were dead, and two were destroyed. Dzhanibekov determined that a sensor
had failed in the solar array pointing system, preventing the batteries from
recharging. A telemetry radio problem prevented the TsUP from detecting the
problem. Saiyut 7 had quickly run down its batteries, shutting down all its
systems and accounting for the break in radio contact. The cosmonauts set
about recharging the batteries. They used Soyuz-T 13 to turn the station to put
its solar arrays in sunlight. On June l0 they turned on the air heaters. The

_; cosmonauts relied on the Soyuz-T 13 air regeneration system until they could
.... get the Salyut 7 system back in order. On June 13 the attitude control system

was successfully reactivated. This was cause for jubilation, as it meant a
Progress bearing replacement pans could dock with Salyut 7. Wall heaters
were turned on only after all the frost had evaporated, in order to prevent water
from entering equipment• Normal atmospheric humidity was achieved only at
the end of July. The station's water tanks thawed by the end of June. Freezing
destroyed the water heater, so the cosmonauts used a powerful television light
to heat fluids: _

' _ Progress 24 • Salyut 7 • Soyuz-T 13 June 23-July 15, 1985
' III "

Progress 24. The freighter delivered propellant, solar arrayextensions, a new
water heater, three new batteries, and about 40 kg of other replacement parts.

+-+.

Selyut 7 • Soyuz-T 13 July 15-21, 1985
/,

Cosmos 1669 • Salyut 7 • Soyuz-T 13 July 21-August 29, 1985 ' *.

:i:I Cosmos 1669. During its flight, the Soviets claimed Progress 1669 was a ]
freeflyer prototype. Now it is known that the spacecraf_ was a Progress '
incorporatingupgradesfor usewithMir.

:- EVA--third solar array augmentation. On August 2 the Pamirs stepped i
, outside to add the third and final pair _!"solar array add-ons to Salyut 7. They

:+,-o worenew semirigidsuitsdeliveredbyProgress24.The EVA durationwas |iabout5hr.

"+ i

]_ Sslyut 7 • Soyuz-T 13 August 29-September 18, 1985 ,,;

:, I00 . ,,_

•.... " " ?........... " "
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2.8.3.5 Salyut 7 Principal Expedition 5
°

VladimirVasyutin,ViktorSavinykh,AlexandrVolkov
- Crew code name--Cheget

Soyuz-T 14, September17-November21, 1985
65 days in space

Savinykhreturnedwith VasyutinandVolkovin Soyuz-T 14, Savinykh's total time in space (PrincipalExpedition4 and
PrincipalExpedition5) was 177 days.

i; L=m=,;__ ..._JL Soyuz-T 14 • Salyut 7 • Soyuz-T 13 September18-25, 1985

• Soyuz-T 14 • Salyut 7 September25-October2, 1985

Soyuz-T 14 • Salyut 7 • Cosmos 1686 _tober 2-November21, 1985

Cosmos 1686. The maingoals of theChegets wereto receiveCosmos 1686, a
modifiedTKS, andconductspacewalkswith applicationto future space
stations. Thefirstgoal was achievedon October2. Cosmos 1686 contained

_ . 4500 kg of freight,includinglargeitems like a girderto be assembledoutside

_ Salyut7, andtheKristallizatormaterialsprocessingapparatus, t_

Vasyutin ill. However.theChegetswere unable to achieve theirsecondgoal.
_ By late OctoberVasyutinwas no longerhelpingwithexperimentsbecausehe
' was ill. On November13the cosmonautsbegan scramblingtheircommunica-

tionswith theTsUP. Returnto E_,lllu_u._d ._uu,i after.

. _ Salyut 7 • Cosmos 1686 November21, 1985-May6, 1986
1

,I

i

, i
L:

For Icon Key, .see pase 76 101
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2.8.3.6 Selyut 7 Principal Expedition 6

Leonid Kizim, Viadimir Soiovyov
Crew code name--Mayak
Soyuz.T 1$, Arrived from Mir - May 6, 1986; Departed for Mir - June 25, 1986.
51 days on Salyut 7

: " See Mir Principal Expedition 1 note.

Soyuz-T 15 • Sslyut 7 • Cosmos 1686 May 6-June 25, 1986
"lib

. First EVA--girder experiment. Vasyutin's illness left loose ends on Salyut
7. Most notably, the Chegets were unable to perform EVAs with implications

• for the Mir program. On May 28 the Mayaks climbed outside to retrieve space
• exposure experiments and test the Ferma-Postroital ("girder-constructor")
- device. A deployment canister convened a folded girder cartridge into a i 5-m

girder in only a few minutes. The girder was retracted by reversing the process
at the end of the EVA. The EVA lasted 3 hr, 50 rain.

Second EVA--girder and welding experiments. On May 31 Kizim and
Soiovyov attached measurement devices to the top of the retracted girder, then
re-extended it with an aim toward studying its rigidity. They then used an

__ electron gun to weld several of the girder's joints. The EVA lasted 5 hr.
I

i, Salyut 7 • Cosmos 1686 June 25, 1986-February 7, 1991

•17.

Salyut 7 abandoned; reenters alter 4 years. The Mayaks removed 20
, instruments with a total mass of 350-400 kg from Salyut 7 before returning to

Mir. Between August 19 and August 22, engines on Cosmos 1686 boosted
/" Salyut 7 to a record-high mean orbital altitude of 475 km to forestall reentry. ,

" Atmospheric drag took its toll, however, and the station reentered over South
•- America 54 mo later. Pieces of Saiyut 7 and Cosmos 1686 were found in

,. Argentina.
t

'9"
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12.9 MIrlDOS-7
(February 19,
1986-present)

The Mir space station is the center-

piece of the Russian manned space
program. Its base blot:k (figure 2-11)
has been in orbit for 9 years.
Continual modifications have more

than tripled Mir's original mass and
increased its capabilities (figure 2-12)

;" beyond those of any previous space
station.

1

_': jl

Y

', 4

t
i:

Figure2-11. Mir base block.The multiportnodeat the station'_forwardend (left)
-'- has one longitudinald_klng portand four lateral berthing ports.

i

i :
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2.9.1 Mir Specifications

Mir base block

Length ....................................................... 13.13 m
Maximum diameter .................................. 4.15 m
Habitable volume ..................................... 90 m_

" Weight at launch ....................................... 20,400 kg
i Launchvehicle.........................................Proton(three-stage)

: Orbital inclination .................................... 51.6 °
Number of solar arrays ............................. 2 (3rd added by EVA)

,: Sptt.Iacross solar arrays ........................... 29.73 m
• " Area of solar arrays .................................. 76 m2(98 sq/m w/third array)

_ Electricity available .................................. 9-10 kW at 28.6 v
Resupply carriers ...................................... Progress, Progress M
Number of docking/_rthing ports .......... 2 docking; 4 berthing

, Number of main engines .......................... 2
Main engine thrust (each) ......................... 300 kg

iii:

I

. !

J

Figure2-12, The Mir complexas of June1994, withdockedProgreee-M23 (right)end
Soyuz-TM 18 (left)spacecraft,

• 104
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Mir complex (Mir ba.e block--Kvant, Kvant 2, and Krlitall) with docked
Soyuz-TM and Progress-M spacecraft los of November 15, 1994)
Length ....................................................... 33 m

Maximum span across habitable
modules .................................................... ~28 m
Maximum diameter of habitable
modules .................................................... 4.35 m
ttabitable volume ..................................... 372 m_

Weight ...................................................... 93,649 kg
Orbital inclination .................................... 5!.6 °

Number of solar arrays ............................. I I
:. Area of solar arrays .................................. 224 m2

Span across solar arrays ........................... 29.73 m
Electricity available (theoretical
maximum) ............................................. -27.8 kW

Number of docking/berthing ports ........... 4 docking*; 4 berthing**

: Total manned missions ............................. 20
Total long-duration missions .................... 17

*Two of the docking ports are of APAS-89 androgynous design; two are standard Soyuz drogue units. The drogue ports
ate longitudinal. One is located on the Mir base block and another is at the aft of the Kvant module. The two APAS-89
ports are attached to the node on the lateral end of the Ktistail module.

**Two of the four berthing ports (that is, the lateral ports on the Mir base block) are occupied by the Kvant 2 and Kristail
- modules. However, the two occupied ports can still be freed for use by moving the berthed modules to another lateral

berthing port with their Lyappa arms. The existing modules will be shuffled when the Spektr and Priroda modules are
added to Mir.

/,
2.9.2 MArBase Block Salyut 6 and Salyut 7. It is notable nearly twice the span of Salyut 7's

" Detailed Description and because it has been occupied by the arrays. Mir was launched with a /
Notable Features gvant module since April 1987. fixture on top of its small-diameter lJ

:! Electrical connectors and ports for pressurized compartment for
,. gas and fluids transfers which attachment of an auxiliary solar

The conical transfer compartment at permitted Progress to service Mir array.
',, the front of the DOS-type Salyut prior to grant's arrival now link

stations is replaced by a five-port Kvant and the Mir base block. Mir was designed to be used with the
::: docking and berthing node. Four Progress vehicles now dock with the Soviet Altair/SR geosynchronous

ports ate lateral, with their docking aft port on Kvant and transfer fluids voice and datarelay satellites (figure j
planes parallel to the station's long and gases through the module to the 2-13). These are satellites operated J
axis. They ate used to berth modules Mir base block through these ports, under the ubiquitous Cosmos I

which have docked at the fifth, designation. The satellite system is ilongitudinal port (the front port). The forward longitudinal port of the sometimes designated SDRN
There is noEVA hatch on the Mir Mir base block is equipped with fSateilite Data Relay Network) or

: base block, though before the arrival ducts for transferring propellant and Luch. A large antenna for radio
of Kvant 2 and Kristall the eosmo- water from Progress-M supply ships communications with the AItaiffSR
nauts could egress through an,, of the system extends from the aft end ofi
five ports. The node is shorter than Gallium arsenide solar arrays Mir.
the Salyut 7 transfer compartment, produce a 30% increase in power
accounting forMir's shorter overall density over Salyut 7's silicon arrays Although most Mir trash is disposed
length. (to 120 W/m2). The Soviets con- of in the cargo compartments of

ducted many gallium arsenide Progress freighters, Mir, like its
The sixth docking port is located at experiments since 1978 on Salyut 6 DOS4ype Salyut predecessors, has a

: the aft end of the base block. It and Salyut 7. Mir's arrays have small airlock which can be u_d for
closely resembles the aft ports on

105
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trash disposal. It is also used for Mir relies much more heavily on thick, l.ayers .f kevlar-like material
scientific experiments requiring automation than previous DOS type cover the thermal blanket?"
access to vacuum, stations, part of a general Soviet

trend toward increasing automation The cosmonauts have two separate
Sergei Krikalev, who flew on the in manned spacecraft. This is als{) cabins {pockets in the walls of the
SpaceShuttleAtlantisinFebruary evidencedbySoyuz-TM and large-diametercompartment)for

1994 and spent two long-duration Progrcss..M m(glifications. A l:rench sleep and privacy. A sealed lavatory
stints aboard Mir, made several puhlication called it "the lirst compartment is located in the wall
statements comparing conditions on computerized station in orbit." In aft of one of the compartments.

.- the U.S. Shuttle with those on Mir. addition to the station's control Storage drawers take up much of the
• In gcncral, Krikalev statcs that living computers, each cosmonaut has a wall space in both the large.,and

._ conditions aboard Mir are more personal computer.__ The station was small-diameter compartments.
.... hospitable thar_those on the Shuttle. launched with the Argon 16B
: This he attributes to Mir's being computer. In 1990, its more capable Mir has many portholes, with

designed for long.duration flight, Salyut 5B replacement, which had shutters to protect them from orbital
while the Shuttle is designed to been delivered by Kvant 2 in !989, debris impacts and deposits formed
support a crew for only short periods was phased in. through use of the attitude control

• of timeY _ engines. Each cosmonaut cabin has
Mir was launched with its front a small porthole, and there is a

:: Long stays in space also affect longitudinal port equipped with the parthole in the station's "tloor" for
" training and timeline preparation for Kurs ("course") rendezvous system Earth observation.

Mir crews. Mir crews experience used by Soyuz-TM (and now also by
i : more "on-the-job.training" than Progress-M). The rear port was The lavatory compartment has a

Shuttle crews, because it is impos- equipped with the older Igla system spherical hair-washing unit with t
i sible to simulate a 6-month or 12- so Progress freighters could continue rubber gaskets through which the {month stint on a station and train for to dock there, and also to permit head and hands can be inserted.

every eventuality. Their sched-les docking by Igla-equipped Kvant in J
" are much more loosely planned thaa April 1987. The rear port of Kvant The living area (large- and small- ,
' those of Shuttle astronauts, who was equipped with both Igla and diameter sections) measures 7.6 m in

spend only a few precious days in Kurs. The Igla system is no longer length. The small-diameter section 1
. ..-i space and must put virtually every used. has dark-green floor and light-green ]

minute to productive use. In

: addition, Mir cosmonauts have Attachment of the Kvant module _ /
. evenings and weekends off. (In blocked_appatently permanently_ [. |
i practice, the cosmonauts often work the orbit maintenance engines on the
: in their free time, either because they Mir base block. All orbit mainte-
i

_. are highly self-motivated or because nance maneuvers since 1987 have "_
•.. experiments require it.) beenconducted by docked spacecraft

" (Progress, Progress.M, and Soyuz-
: " TM).
:: Krikaiev further stated that living

, conditions on the station depend The Mir pressure hull is chemically-
•' heavily on the preferences of the milled aluminum sheet averaging 2 1

resident crew. Krikaiev stated that mm thick, welded to webs 4 mm
levels of cleanliness and odors varied thick. The hull is 5 mm thick in the

: according to the standards the area of the muitiport docking unit,
resident crew was willing to accept, and 1.2 mm thick in the area of the

, Similarly, the level of clutter varied small-diameter work compartment.
considerably. Kdkalev statcd that, The large-diameter compartment is
on his stays, Mir was kept relatively covered by a 2-ram-thick radiator

' tidy. The crews he was part of with a 20-ram standoff from the hull.

attempted to keep unused equipment Other portions of the hull are
and supplies behind the wall panels, covered by a multilayer thermal

and attempted to avoid attaching blanket comprising on average 25 Figure 2-13. Altair/SR
netting full of equipment to the layers of aluminized Mylar and relay aatellite.
station's ceiling. 9_ scrim. Each layer is 5 micrometers ,

106
t

"



Part 2 Alma:lSaly.tlMir

walls; the large-diameter section has f_)rwarddocking unit, as on earlier hase block and dock lhem t() lhc new
a brown fi_mrand yelluw walls. Df)S4ype Salyuts, Two television _me. The old base block w_mld then
Bolh sections have while ceilings screens permit face-to-tace commu- haw. heen returned t(JEarth in
will) llut>re_,cenllighling, nicatiuns will) Ihe %tIP. F_)urm_)rc, Bura., Acc_)rding lit Yuri

arranged in pairsoneither ,,tdeof the Anmshec[Ikin,Deputyl:lighl
, : " The exercise area of Mir is alsc_a hatch separaling the living compan. Direclor t(w Mir Sysl_-ms, Mir will

theater wilh equipment for watching ment from the multiport docking hosl ils last crew in 19'J7, by which
videocasscttcs and listenin_ to music unit, permit monitoring of the lime its base block will have been in

• while exer,=ising:7 The Mir velo. modulesattachedto tile multiport orbit for eleven years(more thai)
ergomcter (exercise hike) ,:an retract node (one screen per module), twice as long as originally planned),

, into the floor. There is also a It will continue flight in unmanned
treadmill/running track, i.)iffcrcnt fatcs have been proposcd m,_de for a funhcr ycar, serving as an

• for Mir over the past several years, experimcnt platform fiw a solar
: Mir's "sick bay" is a cabinet located At one timc0a Buran space shuttle dynamic power system jointly
• in the frustum linking the large- and was to have delivered a new base developed by the U.S, and Russia,

small-diameter sections of the living block in 1992. quran would have The station may then be deorbited
compartment, near the exercise area. used a manipulator arm to pluck free over a preselected area of thc Pacific
Mir's control console faces the the add-on modules on the existing Ocean, as was done with several of

the Salyut stations: K

2.9.3 M!_ Career to Date

" Changes in the configuration of the Mir station have included dockings by new modules; assembly of new components;

dockings by Soyuz-T, Soyuz-TM, Progress, and Progmss-M spacecraft; and Soyuz-TM transfers from port to port. The
• icons on the following pages depict these changes. Aligned horizontally with each icon are names (arranged to match I

" icon positions) of spacecraft and station modules depicted and the inclusive dates of the configuration. The Mir station J
,, _ is left in the same orientation (forward end left) throughout this section because it did hot rotateduring port transfers (as

did Salyut 6 and Salyut 7), In later combinations in this section, Kvant sprouts an inclined bar, which is later capped

with a small rectangle. This represents the Sofora girder and subsequent addition of the VDU thruster unit atop Sofora.
The text blocks cover important hardware-rel.ated events, such as anomalies and EVAs. Refer to figure 2- !0 for key to

i icons. For more information on Soyuz.T, Progress, Soyuz-TM, and Progress-M vehicles mentioned, see section /

IL 1.12.3.4, 1.10.4.4, 1.13.3, and 1.11.3. For more information on Kvant, Kvant 2, Kristali, and the Kvant FSU, see /

sections 3.5, 3.6, 3.7, 3.8.1. ]

qI1

_l Mir February 19-March 15, 1986
I

M|r launch. Salyut 7/Cosmos1686remainedin orbitwhile Mir was
launched.Becauseit wasa tonheavierthanits precursors,Mir reachedan
initial meanaltitudeof only 235 kin. It wasmaneuveredusingits main

• =_' i

:- engines to a mean altitude of 330 km within a few days. Mir launch time was
set by the need to match planes with the Salyut 7/Cosmos 1686 complex for

the planned transfer by Soyuz-T 15 from Mir to the older station.

A

2.9.3.1 Mir PrincipalExpeditionI (Salyut7 PrincipalExpedition6)

Lconid Kizim. Vladimir Solovyov
Crew codename_Mayak

doyuz-T 15, March 13-July 16, 1986
73 days on Mir

Kizim and Solovyov stayed aboard Mir in two stints (52 days and 21 days) separated by a visit to Salyut 7 (51 days),
Total time in space was 124 days.

I O7
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Soyuz-T 16 • Mir March 15-21, 1986

Unusual docking procedure. The S()viel._intcndedt(Jd(_:kSoy,,z-T 15with
Mir'sfcwwardix_rl,k'_vingtheaf!p()rllrevfi)rarrivinglhogrcss_p_icecrall,

ilowewr, Soyuz-T 15,like its .5oyuz-l'precursors,wast.quipw, with the Igla
approachNy_tem,m_!the Kur_system used on Mir'_ front I_)11,Soyu/-T I.'i
approachedMir from behind, At 20 kin Soyuz-T 15's igla ,,,y_lt,m acquiredil'_

t counterparton Mir's aft poll, At 2(XIm the Igl_ _ystemwa_shul off. andthe
Mayaks manually maneuveredaroundthe stationto dock at tl,e front [NDil.
They usedthe saint laserrange_ndcr usedby Soyuz:F 13to diH.'kwith the

.:'.. uncooperativeSalyut 7 stationin 1985,_"

'" I_!1,, _ Soyuz-T 15. MIr. Progreal 25 Match 21-AprU 20, 1986
I '

AltairlSR tests. First testsof the Sovietdataand voicerelaysystem,the
Altair/SR system, were conducted on March 29 using Mir's large aft antenna
and the geosynchronous (95 ° E) Cosmos 1700 satellite.

Rezonanstests.The MayaksconductedRezonanstestsoftheSoyuz-T15-

Mirbaseblock-Progress25complexon March31.

,,.,,r i
More Rezonans tests. The Mayaks subjected the Mir base block-Soyuz-T i 5 ,"

_ assemblage to further Rezonans tests. They also for the first time placed Mir
in gravity gradient stabilizatiuij mode, wRl_Rs long axis pointed toward the
center ot the Earth, and tested the station's atmosphere. /

" Soyuz-T 15 • Mir • Progreas 26 April 26-May 5, 1986

•., Getting ready for the transfer to Salyut 7. The Mayaks loaded Soyuz-T 15
with their personal belongings, plants grown on Mir, and other items in

_: preparation for the trip to Salyut 7, which was about 4000 km ahead of Mir in a

lower orbit. On May 4 Mir was lowered by 13 km to speed the approach to
Salyut 7 and conserve Soyuz-T 15's limited fuel supply for the transfer.

.

Mir • Progress 26 May 5-23, 1986
!

Soyuz-T |5 transfers to Salyut 7. Soyuz-T ! 5 separatedfrom Mir when
Salyut 7 was 2500 km away. The crossingrequired29 hr.

" Soyuz-TM 1 * Mir • Progreu 26 May 23-29, 1986

: Mir's Soyuz tested..lust as Soyuz-T representeda Soyu_upgradefor Salyut
7, Soyuz-TM representedan upgradefor Mir. Soyuz-TM I arrived unmanned

_ at the unoccupied station and remained for 9 days.

I()8
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: _ Mir • Progress 28 May 29-Juno 22, 1986

. Mtr Juno 22-28, 1986
• PrcparMtionsto receive Nuyuz-'i' 15, Mir maneuveredtwice Jmw 242_,

raising itsorhit slightly andmovi.g _loser to Salyut7. On June25 S_yu/T 15
undock_'dfrom Salyul 7 .'rodhugal|the 29.hr journey hack to Mh'.

hL

@oyuz-T 15 • Mlr Juno 26-July 16, 1986
r

The Mayalc._ return to Mlr. Soyuz-T 15 arrived at Mir with a cargo of 350-
400 kg of instruments from Salyut 7. On July 3 Kizim surpassed Valeri

" Ryumin'srecordfortimespentinspace.On July6hcbecamethefirsthuman

tospendafullyearinspace.The Mayaksspenttheirlast20dayson Mir

conductingEarthobservations.

. Mir July 16. 1986-January 18, 1987

• Mlr to remain unmanned until 1987. Shortly after the Mayaks returned to
Earth, Soviet sources announced that Mirwould not be staffed again in 1986.

Cosmos 1700 fails. In September 1986 the Altair/SR relay satellite Cosmos "

_,. 1700 ceased operating and drifted off its geosynchronous orbit position.

Mir • Progress 27 danua_y 18-February 7, 1987 ,

t

Computer problems on Mlr, Progress 27 boosted Mir's mean altitude by 16
' km to 345 km on January 26. A;exandr Laveikin, who was soon to oe
• launched on Soyuz-TM 2 to Mir, told an interviewer during this period that
._ only one of Mir's computers was functional.'°°

2.9.3.2 Mir Principal Expedition 2 (a)

; YuriRomancnko, Alexandr Laveikin

Crew code name--Tamyr
: Soyuz-TM 2, February 5-July 30, 1987

176 days in space

See Mir Principal Expedition 2 (b) note.

- _ Soyuz-TM 2, Mir • Progress 27 February 7-23, 1987mira

................ Soyuz-TM 2 • Mir February 23-March 5, 1987

For h'nn Ke); see page 76 109
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Soyuz-TM 2, Mir- Progress 28 March 5-26, 1987

i_ Soyuz-TM 2 • Mir March 26-April 9, 1987

_BigiI_ii > Soyuz-TM 2 • Mir • Kvant with FSM April 9-12, 1987J_

" E
r %

Kvant missesMlr. Kvant consistedof the spacestationmodule(i l tons)and
i - a imiqueFGB-based vehiclecalled theFunctionalServiceModule (FSM)(9.6

tons). The FSM carriedoutmajor maneuversonApril 2 andApril 5. On April
5 its Igla approachsystembeganhomingon Mir's aftport. The Tamyrs
retreatedto Soyuz-TM 2 sothatthey couldescapein theeventthe modulegot
out of control. About 200 m out, the lgla system lost its lock on Mir's aft port
Igla antenna. The cosmonauts watched from within Soyuz-TM 2 as the Kvant/

__z FSM combination passed within 10 m of the station.

Kvant achieves soft dock. Kvant and its FSM drifted 400 km from Mir

' before being guided back for a second docking attempt. Soft-dock occurred

early on April 9. Kvant's probe unit would not retract fully, preventing hard
• _... docking between Mir and Kvant. The Soviets left Kvant soft-docked while

s they considereda solution. Maneuvers were impossible during this period,
_: because the probe of the Kvant/FSM combination would wobble loosely in

Mir's aft port drogue unit, banging the docking collars together,re'

,I

: 1
¢,
tl

Figure2-14. Mir baseblock(left)and Kvant(right)(1987). Notethirdsolararrayaddedto the topofthe
Mirbase block. It wasdeliveredInsideKvant. 8oyuz-TM end Progressvehiclesomittedforclarity.
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Emergency EVA and hard dock. On April ! i Romancnko and Laveikin
exited Mir to examine and, if possible, repair the problem with Kvant, They
discovered a foreign object lodged in the docking urlit, probably a trash bag
they ;lad left between Progress 28 and Mir's drogue. On command from the
TsUP, Kvant extended its probe unit, permitting the cosmonauts to pull the
object free and discard it into space. Kvant then successfully completed
docking at a command from the ground, The EVA lasted 3 hr, 40 min, The
Kvant FSM undocked from Kvant on April 12, freeing the module's aft port to
fill in for the Mir aft port {figure 2-14), _°"

I_BO__II Soyuz-TM 2, Mir, Kvant April 12-23, 1987

Unloading Kvant. The Tarnyrs entered Kvant on April 13 and began unload-
ing equipment into the base block. Kvant added 40 m3of pressurized volume
to Mir, bringing the total to about 130 m3. On April 16 the pointing motors on
Mir's two solar arrays were linked to sensors on Kvant. Kvant carried stowed
solar arrays intended to bc attached to a fixture on top of the small-diameter
section of the base block.

' " __mllr_.m_ Soyuz-TM 2 • Mir • Kvant • Progress 29 April 23-May 11, 1987

- Testing Kvant. Beginning April 30, the Tamyrs tested orienting the Mir
complex using Kvant's gymdynes. In part this was in preparation for pointing

. the new module's roughly 1000 kg of astrophysical instruments.

Progress 29's short stay. During this period, propellant was pumped through
:* Kvant to Mir's ODU for the first time. The Elektron systeva aboard Kvant,

which produced oxygen by electrolysis of water, was readied on May 8.
1

i'_ _ Soyuz-TM 2 • Mlr • Kvent May 11-21, 1987 /!Mlr power shortage. The Soviets acknowledged that Mir was short on
,1 electricity. The situation became particularly difficult when melts lasting days

were conducted using Korund I-M. The Tamyrs spent most of May conduct-
"_ ing medical experiments madEarth resources photography, activities which

required little electricity.l°3

-,, _ Soyuz-TM 2 • Mlr • Kvent • Progress 30 May 21-July 19, 1987 I

i i.--- t
First and second EVAs--solar array installation. On June 12 the Tamyrs

- exited Mir's multiport node for the first of two EVAs to install the solar array
delivered by Kvant. There was insufficient room available in the multiport
node for two spacesuited cosmonauts plus the main boom and first two
sections of the new array,so Lavcikin and Romanenko sealed the hatch
between the Soyuz-TM 2 docking module and orbital module and left the
hatch between the orbital module and the multiport node open, creating all
extended airlock, One cosmonaut worked outside while the other handed out
needed parts, The main boom of the array was an extendible girder like the

• one assembled outside Salyut 7 by the Mir Principal Expedition llSalyut 7
Principal Expeditio. 6 crew (Kizim and Solovyov, 1986). The first EVA lasted
less than 2 hr, The second EVA, on June 16, inqalled the remainder of the

• .

" For Icon Key, see page 76 I i I
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solar array, attached its electrical connections to the Mir power system, and
extendcd it to its full 10.6-m length. The new, 22-24 m_arTaybrought Mir's
total capacity to 11.4 kW. The EVA lasted 3 hr, 15 rain.

_ Kvant begins its astronomical work with a bang. The Roentgen Observa-
tory on Kvant was uniquely placed to study Supernova 1987a in the Large
Magellanic Cloud. The cosmonauts examined the exploding star during 115
sessions between June and September.

::.,: I_;mm,__, Soyuz-TM 2 • MIr • Kvant July 19-24, 1987

1r---o]..--.

2.9.3.3 Mir Principal Expedition 2 (b)

L

Yud Romanenko, Alexandr Aiexandrov

• Crew code name-Tamyr
: Soyuz-TM 3, July 22-December 29, 1987

160 days in space

,, Romanenko remained on Mir after Laveikin's departure in Soyuz-TM 2. Laveikin replaced by Alexandrov from Soyuz-
TM 3. Romanenko's total stay time on long-duration expeditions Mir-2 (a) and Mir-2 (b) was 336 days.

_ Soyuz-TM 2 • Mir • Kvant • Soyuz-TM 3 July 24-29, 1987 4

, - Soyuz-TM 3. Syrian guest cosmonaut Mohammed Fatis end Soviet cosmo-
naut Alexandr Viktorenko returnedto Earth in Soyuz-TM 2 with Alexandr _[

:, Laveikin. who was diagnosed by ground-based doctors as having minor heart /

/ problems. He was replaced by Alexandr Alexandrov. The Visiting Expedition
. observed Syria and conducted materials processing experiments? °_ |:
!

_ _ Mir • Kvant, Soyuz-TM 3 July 29-30, 1987

l---Tr

Soyuz-TM 3 • Mir • Kvant July 30-August 5, 1987
• ;

_ Soyuz-TM 3 • Mir • Kvent • Progress 31

"1[ - I"--"- "-T" August 5-September 21, 1987

" X-rays from Supernova 1987a. On August I0 the astrophysical instruments

• on Kvant became the first to detect X-rays from Supernova 1987a. On August
' 31 the cosmonauts conducted a preplanned emergency evacuation drill,

• retreating to Soyuz-TM 3.

Soyuz-TM 3 * MIr • Kvant September 21-26, 1987

: il2

,_ ,% "_ ...... :.............
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•,, _ Soyuz-TM 3 • Mtr • Kvant • Progress 32

|- _"_ "" - --]-" September 26-November 17, 198

Progr_s 32 docking test. At 0409 UT on November6, Progress32 backed
.... awayfrom Mir to 2.5 km. It redockedat0547 UT, in a testdesignedto study

ways of reducingthe amountof fuel usedduring approachanddocking

, . operations.t°_

Soyuz-TM 3 * Mir • Kvant November 17-23, 1987
" 1

o

Soyuz-TM 3 * Mir • Kvant • Progress 33

ii; November 23-December 19, 1987

"_ Kvant problems. By late in the year, investigators in Britain and Holland
noted sporadic problems with their "I'TMwide-angle X-ray camera and with

' ESA's Sirene 2 gas-scintillation proportional counter. They queried the TsUP
in Moscow as to whether crew activity could be causing interference with the

: instruments.'°_
=

.... Cosmos 1897. This was a communications relay satellite of the Altalr/SR
:_- series, designed to increase the amount of time Mir could be in touch with the

= TsUP on each orbit. It was launched on November 26 and stationed in

,, _ geosynchronous orbit at 95° E. At the same time, fatigue reduced the cosmo-
nauts' workday to 4.5 hr.1°7,,os

_ Soyuz-TM 3" Mir • Kvant December 19-23, 1987 /]

d

• I--- /
!

2.9.3.4 Mir Principal Expedition 3 t

_. Vladimir Titov, Musa Manarov
• Crew codename--Okean!_i

Launched in Soyuz-TM 4, December 21, 1987
Landed in Soyuz.TM 6, December 21, 1988

..) 365 days in space t

Valeri Polyakov joined Titov and Manarov on MirAugust 31, 1988, arriving on Soyuz-TM 6. See Mir Principal Expedi- ition 4 note.

II .

Soyuz-TM 3 • Mir • Kvent • Soyuz-TM 4 December 23-29, 1987
m I

l "
Handover. Before departing Mir, Romanenko and Alexandrov demonstrated

" use of EVAequipment to the Okeans. The Okeans delivered biological
experiments, including the Aynur biological crystal growth apparatus, which

they installed in Kvant. The combined crews conducted an evacuation drill,
with the Mir computer simulating an emergency.

For Icon Key, see pase 76 113
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_1_1_ Mir * Kvant • Soyuz-TM 4 December 29-30, 1987
II "

Soyuz-TM 4 * Mir * Kvant December 30, 1987-January 23, 1988

" _s_l_l Soyuz-TM 4* Mir* Kvant* Progress 34 January 23-March 4, 1988

; Glazer operations. Titov andManamv conductedpart of an ongoingsurvey
of galaxies and star groups in the ultraviolet pan of the spectrum using the
Glazer telescope, on Kvant. The survey required photography with exposure
times up to 8 rain. Even small cosmonaut movements could shake the com-

plex. This produced blurring of astronomical images, so all cosmonaut
movements had to be stopped during the exposures.

=_ " FirstEVA---solararraywork. On February12thecosmonautsbegan

preparationsforanEVA toreplaceandaugmentMir'ssolararrays.They
' ' tested their EVA suits February 23-25, and on February 26 they exited the
: station. The Okeans removed one portion of the array Romanenko and

. Laveikin had assembled in June 1987. They replaced it with an eight-part

array set which increased electricity output by 20% and also tested new solar j: cell materials and allowed telemetric monitoring of output. They also found

time to wipe several of Mir's portholes, which had accumulated a dusty
coating, and extensively photographed Mir's exterior. The EVA lasted 4 hr, 25

: - min.
.,_. p,

11

Soyuz-TM 4 ,, Mir ,, Kvant March 4-25, 1988

/
Soundsand smells. On March 17 thecosmonautsstudiedthe effectsof noise ,

produced by fans and other equipment on their living quarters as part of the _
Akustika experiment. During the same period, a Soviet spokesman stated that

, dust and odors on Mir bothered the cosmonauts, t°9

II

• &B_JI_II_ $oyuz-TM 4 • MIr * Kvant* Progress3S March 25-May 5, 1988

T-- T...-- I

- Communicationssystemupgrades.InlateMarchandearlyApril,Titovand
Manurerinstalledandtestedanew telefaxsystemandunspecifiedequipment IIF

-. to improve communications between Mir and Earth. |

_ Soyuz-TM 4 • Mir • Kvent May 5-15, 1988
" II

• Orbital debris Impact. During May a panicle the Sovietsidentified asa piece
of spacedebrisblasteda craterin a two-pane Mir viewpon. The damagedarea
was 6-8 mm across.'l°

_ II

- _ $oyuz-TM 4 * Mir • Kvant * Progress 38 May 15-June 5, 1988
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Ira

Soyuz-TM 4 • Mir • Kvant June 5-9, 1988
#

- B

Soyuz-TM 4 • Mir • Kvsnt s Soyuz-TM 5 June 9-17, 1988
" II "

Bulgarian in space. Before this flight, Bulgaria was the only eastern Euro-
:. pean Soviet ally not to have had a citizen visit a Soviet space station. This was
: because of the Soyuz 33 failure in 1979. Bulgarian cosmonaut-researcher
_ Aiexandr Aiexandrov, not to be confused with the Soviet cosmonaut of the

same name, used nearly 2,000 kg of equipment delivered by Progress freight-
ers to conduct 46 experiments in the Shipka program during his stay on Mir.

Mlr. Kvsnt. Soyuz-TM 5 June 17-18, 1988
II •i

" Soyuz-TM 8 • Mlr • Kvant June 18-July 20, 1988

: Second EVA--X.ray telescope repair fails. On June 30 the Okeans left Mir
via one of the lateral ports for an unrehearsed EVA to replace Kvant's TTM

• shadow mask X-ray telescope. They had trained for the EVA by videotape sent

up by the Progress 38 supply ship along with needed tools. They also spoke
with cosmonauts who had rehearsed the repair in the hydrobasin in Zvezdny

_ Gorodok ("Star City"). In addition to their suits, the Okeans carried 40 kg of
_, tools and equipment between them, Upon reaching the work site, they cut

• through 20 layers of thermal blanket to reach the Roentgen suite of instru-
,_ , ments. The EVA ended unsuccessfully when a wrench needed to remove a

clamp snapped. The EVA duration was 5 hr, 10 rain. /
i t

_ Soyuz-TM 5 * Mlr • Kvsnt • Progress 37 July 20-August 12, 1988
: i T-- r._--- r

Cosmos 1897 moves east. In late July the Altair/SR relay satellite Cosmos
, 1897 was moved from its station at 95° E to 12° E to support the Buran shuttle

i: test flight of November 14, 1988.
J

Soyuz-TM 5 • Mlr • Kvsnt August 12-31, 1988 _ii

i Soyuz-TM 5, MIr • Kvsnt • Soyuz-TM 6 August31-September 5, 1988 i

..... Soyuz.TM 6 arrives. Its crew had a unique makeup, with a commander
(Vladimir Lyakhov) who had been trained to fly a Soyuz-TM solo in the event
a rescue ship needed to be sent to recover two cosmonauts from Mir, no flight
engineer, and two inexperienced cosmonaut-researchers. One was Dr. Valeri
Polyakov, who would rema!n aboard Mir with Titov and Manarov to monitor

their health during the final months of their planned year-long stay. The other

For Icon Ke); see page 76 115
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was lntercosmos cosmonaut Abdul Ahad Mohmand, from Afghanistan.
Mohmand's experiment program was dominated by a series of observations of
Afghanistan, called Shamshad. During returnto Earth, Soyuz-TM 5 suffered a
combined computer software and sensor problem, which delayed its reentry by
24 hr.

Mir • Kvent • Soyuz-TM 6 September 5-8, 1988

•_ _ Soyuz-TM 6 • Mir • Kvant September 8-12, 1988

Soyuz-TM 6 • Mir • Kvant • Progress 38September 12-November 23, 1988

Third EVA_X-ray telescope repair succeeds. On October 20 Titov and
Manarov stcppcd outside Mir, leaving Polyakov in the Soyuz-TM 6 descent
module. The spacewalkers wore improved spacesuits which did not need an
umbilical connection to the station. Using tools delivered by Progress 38,

-- Titov and Manarov removed the old TTM shadow mask X-ray unit and
" successfully replaced it. They then installed equipment in anticipation of the

upcoming Franco-Soviet EVA. The EVA lasted 4 hr, 12 rain.

Soyuz-YM 6. Mir. Kvent November 23-28, 1988
- III /

/

2.9.3.5 Mir Principal Expedition 4
i;

, Alexandr Volkov, Sergei Krikalev, Valeri Polyakov
Crew code namemDonbass

Soyuz.TM 7, November 26, 1988-April 27, 1989
151 days in space

: Polyakov remained on Mir with Voikov and Krikalev when Titov and Manarov returned to Earth in Soyuz.TM 6.
• _-,, Polyakov's total stay time (p_-t of Principal Expedition 3 and all of Principal Expedition 4) was 242 days. See Mir

Principal Expedition 3 note.

ll

• _ Soyuz-TM 6 • Mir • Kvsnt • Soyuz-TM 7 '_,_

Ill'--'][ November 28 December 21 1988

Long French visit to MIr-- the Franeo SovietAragatz missionbegins The
arrival of Soyuz TM 6 with FrenchcosmonautJeanLoup Chretien(on his
secondmissionto a Sovietspacestation)and SovietcosmonautsAlexander

Volkov andSergeiKrikalev increasedMirs populationto six Accordingto
Krikalev, this was the "worst-case scenario" as far as crowding on the station i

.. was concerned. Not only were there more cosmonauts than usual aboard Mir',

the station was also full of equipment and life support supplies delivered by

116
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- Progress freighters for the joint France-Soviet mission. The crowding was
exacerbated because there was no docking port tree for a Progress freighter.
Therefore, the crew could not use a Progress as a "pantry" or "storage room"
for the _tation. The large joint experiment manifest--mostly medical and
technology experiments chosen to support the French-led European Space
Agency Hermes shuttle project--strained Mir's electricity supply. The total
mass of the experiments was 580 kg. "'' "2'.3

• French EVA, Preparations for the first EVA involving a non-Soviet/non-U.S.
space traveler forced the cosmonauts to cut short a TV meeting with diplomats
from 47 countries on December 8. On December 9 Chretien and Volkov

i., depressurized the multiport docking adapter and clambered outside Mir.
Chretien was first out. He installed handrails, then attached the 15.5 kg
Enchantillons experiment rack to the handrails by springs and hooks. He also

, attached electrical wires leading from the rack to Mir's power supply.
Enchantillons carried five technological experiments with applications to the
Hermes shuttle program. Volkov and Chretien then assembled the 240-kg
ERA experiment. They attached a mount to handrails on the frustum linking

i the multiport docking unit to the small-diameter portion of the work compart-
: ment. After resolving problems with cables linking ERA to a control panel
._- inside Mir, they attached the folded EP.A structure to a support arm on the

platform. The structure was designed to unfold to form a fiat six-sided
structure 1 m deep by 3.8 m across. From inside Mir, Krikalev commanded

' the structure to unfold, but to no avail. Volkov then kicked ERA, causing it to
unfold properly. According to Krikalev, taking the ERA outside helped relieve i

_. the crowding problems. The EVA lasted 5 hr and 57 min. 1'4,.s

The Aragatz mission ends. After the EVA, Titov and Manarov showed i)

:'., Ktikalev and Volkov the peculiarities of living and working on M;-r. On ,_
• December 15, their 359th day in space, Titov and Manarov officially beat -

Romanenko's 326-day single-flight endurance record by the required 10%. On
December 19, Soyuz-TM 6 was powered up for descent. The spacecraft

" undocked on December 21. Titov, Manarov, and Chretien landed under low

clouds, in sub-freezing temperatures, near Dzhezhkazgan in KazakilstanY 6 ./

_ Mir • gvsnt • Soyuz-TM 7 December 21-22, 1988

I--- •
i ,

: _ Soyuz-TM 7 • Mir • Kvent December 22-27, 1988

" I------

_oyuz-TM 7 • MIr • Kvent • Progress 39

December 27, 1988-February 7, 1989Progress 39 boosts orbit. Orbit boost was necessary because of greater the,
normal atmospheric drag. This in turn was caused by atmospheric expansion
produced by atmospheric heating, the result of solar activity during the solar (

maximum period. According to Krikalev, it was not possible to visually detect
any difference in the station's altitude after the reboost was completed.

, Krikalev, Voikov, and Polyakov then cleaned Mir and loaded Progress 39's
: orbital module with waste and excess equipment used on the joint France-

Soviet Atagatz mission."7
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Soyuz-TM 7 • Mir • Kvsnt February 7-12, 1989

Cosmos 1897 moves west, During February the Altair/SR satellite was moved
from 12° E to its original position at 95° E.

Soyuz-TM 7 • Mir • Kvant • Progress 40 February 12-March 3, 1989
• II '

.... D-module (Kvant 2) delayed, In mid-Februarythe Sovietsannouncedthat
• " launch of the D-module (also called the augmentation module, or Kvant 2) was

the victim of delays in the production of the module to be added after it, the T-
.: module (technology module, or Kristall). The D-module had been at Baikonur,

.... :, awaiting launch, since July 1988, but the T-module would not be ready until
_._ : December 1989, and the Soviets did not wish to let 3 months go by with Mir in

an asymmetrical configuration (that is, with only one lateral port filled).
Rather than handing over to another Principal Expedition crew, the Donbass
cosmonauts would mothball Mir and return to Earth at the end of their stint, m

..... : EVAs cancelled. Krikalev and Volkov had been trained to perform a total of
_ ' six EVAs during Mir Principal Expedition 4. Krikalev was to have been the '

:.._ first cosmonaut to fly the Soviet equivalent of the NASA manned maneuvering /
.... . unit (MMU), the YMK. But delay of Kvant 2, which carried the YMK, pushed t

back the EVAs to the next Principal Expedition, the crew for which would ,,
" r_' _'_ " consist of Krikalev and Volkov's backups.

Dlagramma. The cosmonauts extended a 10-m pole from the Mir base &

block's small airlock. It carried sensors used as part of the Diagrarnma
program to characterize the environment around Mir. /

r. • )

/

'.' _ Soyuz-TM 7 • MIr • Kvsnt March 3-18, 1989 t._
!;i

' -" Antenna experiment. When Progress 40 backed away from Mir, it deployed
.:,: an antenna consisting of two loops of wire, each 20 m across, from a pair of

containers on either side of the Progress cargo module. The cosmonauts
observed the deployment. During the 2 days before its destructive reentry,
Progress 40 continued in free flight while characteristics of the antenna were

.,. , assessed by the TsUP.

$oyuz-TM 7 • Mir • Kvant • Progress 41 March 10-April 21, 1989
Mir mothballed, On April 10Soviet repo='tshadthe cosmonautsbeginning
the processof preparingMir for unmannedoperation. Also duringthis period
the cosmonautsreplacedpower supplyunitswhich were nearingtheendof
their designlives. Heightenedsolaractivity ledto someconcernover the
cosmonauts'safety,but Sovietsourcesstatedthat radiationlevelswere not
hazardous.
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p_ ..................
ll_ Soyuz-TM 7 • Mir • Kvant April 21-26, 1989

• Soyuz-TM 7 leaves Mir unstaffed. The engine on Soyuz-TM 7 was used to
boost the Mir complex to a new record mean altitude of 4 l0 km in mid-April,
Voikov, Krikalcv, and Polyakov then loaded Soyuz-TM 7 with experiment
results and film and returnedto Earth. The landing was unusually rough
because of high winds in the recovery zone. Krikalcv sustained a minor knee
injury, though he downplayed its importance. "_

Mir * Kvant April 26-August 25, 1989

iii' Astronomical observations. Throughout the time it was unstaffcd, astrono-
mers on Earth used Mir's Kvant astrophysical instruments to study Supernova
1987a and conduct more than 70 other observations.

II

I_l)__ Progrese-M1 • Mlr• Kvant August25-September6,1989
l

m_

Progress-M 1 arrives. This was the first flight of a modified Progress "
freighter. It became the first of its class to dock with the front port of a spacei

: station. While there, it topped off the station's attitude control propellant

., tanks, t
_. j
e- I

,,. 2.9.3.6 MIr Principal Expedition 5 ,
i tt

_ Alexandr Viktorenko, Alexandt Serebrov
i Crew code name--Vityaz /
i _ Soyuz-TM 8, September 5, 1989-February 19, 1990

168 days in space. /

!? --

i _ Progreee-M 1 • Mir • Kvant • Soyuz-TM 8
September 6-December 1, 1989

: Docking system work. On September 29 the cosmonauts installed equipment
• in the docking system in preparation for the arrival of Kvant 2, the first of

. Mir's 20-ton add-on modules.

Solar storm warnings. On September 30 a powerful flare burst out on the
Sun. Initial predictions indicated that the cosmonauts could receive many
times the maximum permissible level of radiation. In the event, the cosmo-

nauts received only about as much radiation as they would normally receive in
,, 2 weeks of flight.

Kvant 2 delayed. It wds announced on October I0 that problems with a batch
of computer chips pushed back the launch of Mir's second add-on module by
at least 40 days from the planned October 16 launch date. The major focus of
Viktorenko and Serebrov's mission was to receive, check out, and activate the

module, so their schedule underwent heavy revision

For Icon Key, see page 76 I 19
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Mir • Kvant • floyuz-TM 8 December 1-6, 1989

Kvant R • Mir • Kvant • Soyuz-TM II December 6-8, 1989

Kvant 2 Joins Mir. Kvant 2 was launched on November 26. Soon after

launch the TsUP discovered that the right solar array had not deployed prop-
: erly, allowing it to flop freely. By rolling Kvant 2 e.,_drotating the array

simultaneously, the TsUP was able to fully extend and lock the array, On
December 2 Kvant 2 closed to within 20 m of the Mir front port before its Kurs
control system terminated the approach, It had sensed that the module was
moving too fa_t. Problems a_sodeveloped on Mir: the Argon 1(B control

computer shut down the attitude control gyrodynes in Kvant after detecting an
error. Viktorenko and Serebrov assumed manual control of Mir Co"the second

attempt, which was successful. The Lyappa manipulator armon Kvant 2 then
inserted itself into a fixture on the multiport docking node and pivoted the
module into place at the top lateralport. The transfer required about 1 hi"
(figure 2-15).

,L 0

!

i

)
/

' !
t

' i

i-

Figure2-15. Mir base block(left), Kvant,andKvant:_(top)(1989). Soyuz-TMandProgressvehicles
are omittedforclarity.
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_, _;_ Dacember 8-12, 19B9

Kv=nt 2

i_l[i Mir • Kv=nt, Soyuz-TM 8

De¢;embar 12-22, 1989

Kvant 2

Soyuz-TM 8, Mir • Kvant

December 22, 1989-February 9, 1990
Kvant 2

Soyuz-TM 8, Mir * Kvant, Progren-M 2

First EVA---star ._nsor installations, The new guidance control computer
for Mir, the Salyut 5B system delivered by Kvant 2, needed starsensors more
capable than those in place on Kvant. On January 8, in the first of the EVAs
postponed from Principal Expedition 4, Viktorenko and Serehrov opened one
of the three free docking node hatc:_es, transferredthe twin 80-kg sensor
packages outside, and installed them on Kvant. Startof the 2-hr, 56-rain EVA
was delayed i hour by a depressurization problem in Soyuz-TM 8--when the
cosmonauts lowered pressure in the docking node, an improperly set valve
released air from the spacecraft as well.

Second EVA_many tasks. On January 11 the cosmonauts bec_une the last to
•- use a docking node hatch for an EVA. They removed for returnto Earth the

Enchantiiions space exposure experiment rack set up by Chretien during his
December 1988 EVA, removed and discarded the ERA platform installed by
Chretien and Volkov, and made modifications to the docking node in prepara- / :
tion for the arrival of the next large module, Kristall. / j

it• ' Co,,mos 2054, The third Altair/SR geosynchronous satellite took up position
at 344 ° E in mid-January. It was launched on December ,?.7,1989. Combined

: _ with Cosmos 1897, it permitted Mir to maintain contact with the TsUP in

.. Moscow about 70% of the time.

Third EVA--testing new EVA systems, On January26 Viktorenko and
Serebrov donned new Orlan-DMA spacesuits. These were improved versions
of the Orlan suits they h_d worn oa their fi_t two EVAs. They then entered
and depressurized the special EVA airlock compartment at the outboard end of

: , Kvant 2. The EVA airiock hatch is wider than the docking hatches (1 mvs |
0.8 m) to permit passage of the YMK, the Soviet MMU equivalent, which is
stored in Kvant 2. The central instrument-science compartment of Kvant 2 can
also be scaled and depressurizcd, expanding the size of the airlock and

: providing a backup. The cosmonauts attached a mooring post to the outside of
: the airlock compartment and removed a Kurs antenna so it could not interfere

with future EVAs. EVA duration was 3 hr, 2 rain.

Fourth EYA_YMK tests, The Soviet "flying armchair" maneuvering unit
weighed 2 !8 kg. Serebrov donned the unit on February I and moved up to
33 m from the station, in case the YMK malfunctioned, during the test he was I
bound by a tether attached to a winch on the mooring post installed on the
previous EVA. The EVA lasted 4 hr, 59 rain,
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Fifth EVAmMore YMK testa. On l_ehruary 5 Viktorcnk_) flew the YMK to a
di._tanceaf 45 nl, lie carried the Spin-6(IO0 device, which measured radiation

from Mir induced hy c,smic ray I_mlbardmcnt. EVA duratim_ was 3 hr, 45
mm.

' Kvant 2 February 9-13, 1990

• Soyuz-TM 8 • Mir • Kvznt

2.9.3.7 Mir Prin(:lpal Expedition 6

Anatoli Solovyov, Alexandr Balandin

. Crew code name--Rodnik I

Soyuz.TM179days in 9,,,..,paceFebruary11-August 9. Iq90

, Kvant 2 February 13-19, 1990

Soyux-TM 8 • Mir • Kvant • Soyuz-TM 9
'i

7. Soytm-TM 9 arrives in tatters. Soonafter they arrived in orbit, Balandin and Jl
..... Solovyov noted that three of eight thermal insulation blankets on their

spacecraft's descent module had come loose at their lower (heat shield) ends ?

and were waving about as the spacecraft maneuvered in space. It was thought
theycouldblockopticalnavigationsensors,andthatthedamagedinsulation

.,. might cause the spacecraft to overheat or cool down so much that condensation /

- would form on its optical equipment. The possibility existed that an electrical :
': short might occur if condensation developed on equipment. Docking with Mir |

• occurredasnormal.The cosmonautsandTsUP workedoutproceduresby IIi: which the TsUP monitored Soyuz-TM 9's temperature and maneuvered Mir to
, move it in and out of sunlight as needed to maintain proper temperature. In the

meantime, cosmonauts worked in the hydrolab training facility in Zvezdny
- Gorodok, outside Moscow, to develop EVA repair procedures. Consideration

was alsogiventosendingarescueSoyuz-TMcarryingasinglecosmonautto

• pick up the cosmonauts and return them to Earth.'2° ;_

Kvant 2 February 19-21, 1990 t
: Mir • Kvlnt • Soyuz-TM 9

(

: Yiktorenko and Serebrov give a pressconference on Earth. Mtr's previous
occupants, the Vityazis, claimed that profits generated by the production of 297

: g of gallium arsenide semiconductors had allowed their mission to pay for
itself. The gallium arsenide had returned to Earth with them in the Soyuz-TM

; 8 descent module. They also complained that on Mir there were no fixtures for
holding them at their work stations, m
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February21-. Jarch3, 1990
Kvant 2

! '_ 8oyux-TM 9, MIr • Kvant

._ March3-April27, 1990
Kvant 2

Soyuz-TM 9 • MIr • Kvant - Progre==-M 3

Maintenance. Pr()_res_-M3delivered replacementp;tnr_l'_wMir, including
new st(wagehatterics, electrk;alsystemc_)ml_)nents,and computerparts, The

. cosm.nauts began installing these by March7. Most of Marcll was taken up
with work on the c_)mputersystem.

, Kdslall delayed. When Soyuz-TM 9 was launched,the Soviets statedthat
Kristall would launchon March 30 and dock April 7. On April 20 the Soviets

;' announcedthat the Kristall module wouldnot be launcheduntilJune I. The
cause of the delay was continued work to turn over control of the Mircomplc.-,
to the new Salyut 5B computer, Difficulty had also beenexperienced in
integratingKvant 2's gyrodynesinto the Mirattitudecontrolsystem. "-

April27-May 7, 1990
"..... Kvant2

Soyuz-TM 9 • Mir • Kvant • Progmu-M 2
, |

tt

" _ Kvant 2 May 7-27, 1990 /!
' Soyuz-TM 9 • Mir • Kvant ° Progress 42

/

• t, Last Progress. Progress42 was the last of the highly successful series of
: Progressvehicles. It markedthe 43rdProgressdocking(countingCosmos i
(.. 1669),all of which were successful. The Progressfreightersdelivered99 tons

of materialto Salyut6, Salyut7, andMir. Use of Progress42 forceda delay in i

the integrationof the Salyut 5B controlcomputerdeliveredwith Kvant2, as i

, Progress42 could interfaceonly with theoldArgon 10B system. _i: 0t- May 27-28, 1990
Kvant 2

' Soyuz-TM 9 • Mir • Kvant

May 28-June 10, 1990
Kvant2

Mir • Kvant • Soyuz-TM 9

i" For Icon Key, seepage 76 ! 23
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Kvant 2

Kristall • Mir • Kvant • Soyuz-TM 9

KristaU arrives. The long-awaited, much-delayed Kristall module arrived at
Mir's front port on June I0, and was relocated to the lateral port opposite
Kvant 2 on June 11 (figure 2-16). This restored the eq,'ilibrium of/he com-
plex, which had been asymmetrical since Kvant 2 was placed at a lateral port
in December 1989. The module was launched May 31. It had aborted its first

!_.

' t ,J

! 't
'i

"7

:: F!g_,re2-16. MIr baseblock(center),Kvant(rlght),Kvant2 (top),and Kristall
'. (bottom)(1990). Notethe EVA mooringpostforYMK tests,ear Kvant2's EVA

_ atrlockhatch. It was addedduringa January26, 1990 EVA.Soyuz-TMand
Progressvehiclesare omittedforclarity.

i
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• Part 2 Alma.JSalyut/Mir

docking attempt on June 6 due to an attitude control thruster failure, Delays in
launch and docking affccled Balandin and Solovyov, who were scheduled to
return to Earth at the end of July. Their mission was extended !0 days to
permit them to activate Kristall's '_ystems, and to accommodate the EVA to
repair the loose thermal blankets on Soyuz-TM 9.

June 11-July 3, 1990

Kvant 2

Mir • Kvant • Soyuz-TM 9
Kristall

Kvant 2 July 3-August 3, 1990

Soyuz-TM 9 • Mir • Kvant
Kristall

• First EVA_Kvant 2 hatch damaged. Solovyov and Balandin had not _'t
previously been trained to perform an EVA. They trained by videotape sent up
from the ground on a Progress spacecraft, and also by observing practice ,!

i sessions televised from the hydrobasin. Special EVA tools were manufactured
and sent to the cosmonauts. On July 3 they moved Soyuz-TM 9 to the Mir
front port so it could be more easily reached for repairs. On July 17 they
opened the Kvant 2 EVA hatch before the airlock was completely evacuated of i

: air. The hatch slammed back on its hinges. They used a pair of clamps, which
they attached to handholds, to move down Kvant 2. They also secured ,_

_' themselves with long and short ropes. After 1.5 hrthey reached the multiport |
docking node. They attached to Kvant 2 ladders for reaching the damage site /
on their Soyuz-TM. The cosmonauts determined that the Soyuz-TM 9 descent

_ module remained in excellent condition. However, the thermal blankets had ,/

shrunk, making them impossible to reattaeh. They fell back on a contingency _
. plan by folding two of the three blankets in half. They were well behind

schedule by this point. They left their tools and ladders at the repair site and
, hurried to return to Mir, as the rated endurance of their suits (6.5 hr) had been i

exceeded. This meant crawling over Kvant 2's hull in the dark. They found
:_ that the Kvant 2 hatch would not close. To permit them to reenter the pressur-

ized portion of Mir, the cent_'alcompartment of Kvant 2 was called into play as i
,_ an emergency airlock, as it had been designed to do. The EVA lasted 7 hr, 16 ,j
, rain. t23

Second EVA--elzing up the damage. Solovyov and Balandin aepressurized i
the Kvant 2 central compartment on July 25. After several attempts to close I

:: the outside hatch from inside, they televised images of the damaged hinge to
' the TsUP, then returned to the multiport node to secure their ladders. Finally,

they removed a portion of the hinge cover, which had broken and become

_i lodged between the hatch and its frame. They found the hatch much easier to
close and seal after this. They repressudzed the EVA airiock. The EVA lasted
3 hr, 31 rain. n4

For Icon Key, see page 76 !25
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2.9.3.8 Mir Principal Expedition 7

Gennadi Manakov, Gennadi Strekalov
Crew code name--Vulkan

Soyuz-TM 10, August I-December 10, 1990

131 days in space

Kvant 2 August 3-9, 1990

! Soyuz-TM 9 • Mir • Kvant • Soyuz-TM 10
_: Kristall

• Soyuz-TM 10 arrives, Soyuz.TM 9 departs. The Vuikans arrived at Mir's

: aft port with four passengers---quail for cages in Kvant 2. A quail laid an egg
en mute to the station. It was returned to Earth, along with 130 kg of experi-
ment results and industrial products, in Soyuz-TM 9. The spacecraft landed
without incident.

.l

: August 9-17, 1990 i
Kvant 2

Mir • Kvant • Soyuz-TM 10
Kristall

!.

"

Kvant 2 August 17-September 17, 1990 "

Progress-M 4 • Mir • Kvant • Soyuz-TM 10
Kristall /

/
• 4F.

Integrating Krlstall and emergency drills. The Vulkans linked Kristalrs

:, attitude control system to the Mir complex on August 28. On August 30 they ,1
• practiced dealing with emergency situations which might arise in the expanded

_. Mir complex. Between August 22 and September 1I, Progress-M 4 boosted ,i
the complex to a mean altitude of 390 km. ,_

_1_ KvantKristsllMir2• Kvant • Soyuz-TM 10 September 17-29, 1990 i_i

Plasma experiment. Strekalov and Manakov installed a device for producing
plasma on Progress-M 4's docking unit before casting off the spacecraft. For
three days it flew formation with the station, releasing plasma for the Vulkans
to observe and record.
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Kvant 2 September 29-November 28, 1990

Progress-M 5 • Mir • Kvant • Soyuz-TM 10
Kristell

Pregress-M 5 and Raduga. Progress-M 5 carried television equipment for
the upcoming joint Soviet-Japanese mission. It was also the first Progress-M
equipped with a Raduga return capsule. On October 1 Soyuz-TM 10's main
engine pushed Mir to a mean altitude of 397 km. The KAP-350 and Priroda 5

cameras were used as part of the Makhichevan-90 Earth resources observation

:: program, which studied the region between the Black and Caspian seas.

EVAmKvant 2 EVA hatch damage more severe than expected. The
Soviets postponed the EVA several days after Strekalov came down with a
cold. On October 29 the cosmonauts exited Mir through.the Kvant 2 hatch and

. -- removed thermal insulation. They found that the hatch was beyond their
ability to repair. They attached a device to the hatch to allow it to close
properly.

Kvant 2 November 28-December 4, 1990

Mir • Kvant • Soyuz-TM 10

• Krletall

?
2.9.3.9 Mir Principal Expedition 8 l
Viktor Afanaseyev, Muse Manarov /(
Crew code name--Derbent /

Soyuz-TM 11, December 2, 1990-May 26, 1991 _
175 days in space t

:'i-. December 4-10, 1990
Kvant 2

Soyuz-TM 11 • Mir • Kvant ° Soyuz-TM 10
Krlatall

:¶. ,

Soytm-TM 11arrives, Viktor Afanaseyev,Musa Manarov (onhissecondMir

, visit), and Japanese television journalist Toyohiro Akiyama were welcomed
aboard Mir by the Vulkans. Akiyama's network, the Tokyo Broadcasting

• System (TBS), paid for the flight. The Soviets called this their first commer- _i

cial spaceflight and claimed to have earned $14 million. The journalist was 4
' scheduled to make one 10-min TV broadcast and two 20-min radio broadcasts

each day. Electrical power and video and TV system incompatibilities forced
the Japanese to make extensive use of conveners. His equipment, which
weighed about 170 kg, was delivered by Progress-M spacecraft and set up in
advance by Manakov and Strekalov. On December 5 Akiyama's couch was
transferred to Soyuz-TM 10. On December 8 Manakov and Strekalov com-

menced loading Soyuz-TM 10's descent module with film and experiment
results. TBS broadcast Akiyama's landing live from Kazakhstan.

For Icon Key, see page 76 127
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December 10, 1990-January 16, 1991

,_ Kvant 2
Soyuz-TM 11 • Mir • Kvant

, Krlstall

First EVA--hinge repair. On January4 Afanaseyev and Manarov prepared
their spacasuits for an EVA to repair the Kristall EVA hatch hinge damaged by
Solovyov and Balandin in July 1990. They suited up and practiced in the
Kvant 2 airlock. On January 7 the Derbents opened Kvant 2's EVA hatch and
clambered outside. They repaired the damaged hinge, tested their handiwork

: by closing and sealing the hatch, then reopened the hatch and went about other
i tasks. These included transfer outside the station of equipment scheduled for

T installation on later EVAs. They also removed a TV camera from Kvant 2 for
" repairs inside the station. The EVA lasted 5 hr, 18 rain.

.. January 16-March 15, 1991
Kvant 2

•", Soyuz-TM 11 • Mir • Kvant • Progrees-M 6

Kristall

i :' Seeond EVA--boom installation. On January 23 the Derbents openedthe

! _ newly-repaired hatch and slowly transferred a carton 6 m long to a worksite on
• the base block. The container held Strela, a folded boom with a pivot meeha-

!= i" nism at its base. They attached Strela to supports which originally held the
base block's launch faring. The 45-kg boom was meant to play a key role in

_" the transfer of Kristall's twin 500-kg collapsible solar arrays to the sides of !

_i_ Kvant. Maximum boom length was 14 m; maximum capacity, up to 700 kg. |
The EVA lasted 5 hr, 33 rain. /

:, Third EVA---support structures. On January 26 the Derbents spent 6 hr, 20 /
i rain installing support structures on Kvant. They were meant to hold the

Kfistall solar arrays.

i Five years of Mir. February 19 marked the fifth anniversary of Mir's launch.
The Derbents spent February working with materials science apparatus in
Kristall. They used the Pion unit to study the effects on semiconductor
production of changing patterns of microacceleration aboard Mir caused by
operation of its equipment, On March 7 the cosmonauts extended a pole
bearing a magnetic sensor through a Mir scientific airlock eLspart of the

_' Diagramma program to characterize the environment outside the station.

Observing the Gulf War. Afanaseyev and Manarov could easily see evidence
of war as they passed over the Persian Gulf. They sent back TV images of oil

/. spills, smoke pouring from a coastal town, and fires. _/
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gl

' - tl Kvant 2 March 15-26, 1991

........ _ Soyuz-TM 11 • Mir • Kvant

Kristall

Progress.M 7 near-miss. On March 2 i Progress-M 7 broke off its approach
500 m from the aft docking port. On March 23 the craft made a second
approach, but 20 m from the rear port a controller in the TsUP detected a
"catastrophic error" and broke off the approach. Progress-M 7 passed within 5

to 7 m of the station, narrowly avoiding antennas and solar arrays.=='

• _ • Kvant 2 March 26-28, 1991

i_ _ Mir • Kvant, $oyuz-TM 11

, Kristall

Kurs antenna problem diagnosed. Afanaseyev and Manarov undocked
Soyuz-TM 1! from the front port and transferred it to the aft. During approach
to the aft port, they used Kurs, ratherthan carrying out the transfer under
manual control, as was typical. They found that their spacecraft mimicked
Pmgress-M 7's behavior, veering away from the docking port. The cosmo-
nauts completed a normal manualdockingat the aftpon,having determined

....................... that the problem was in Mir's aft port Kurs antenna. Subsequently, Progress-M
_. 7 docked at Mir's front port. If it had failed to dock, the cosmonauts might_ .

: , have had to draw on a l-mo reserve of emergency supplies while a standby

_ Progress was readied.
• r,

• .. Kvant 2 March 28-May 6, 1991 /

_.... Progrels-M 7 • Mir • Kvant • Soyuz-TM 11
, Kristall

r_ _ _OU_ _'VA" On April 25 Manamv filmed the damagedKvant Kursantenna.
: He reported that one of its dishes was missing. During the EVA the cosmo-
_ nants also replaced the camera they had removed from Kvant 2 on their first
i> , EVA and repaired inside Mir. The EVA lasted 3 hr, 34 min.

"' Kvant 2 May 6-20, 1991

Mir • Kvant • 8oyuz-TM 11
Kristall

For icon Key, see page 7'6 129 ) ,'0

_',: -..................................... ?_. ..'. .

00000002-TSD06



Mir Hardware Heritage J

2.9.3.10 Mir Principal Expedition 9

Anatoli Artsebarski, Sergei Krikalev
-- Crew codenamc--Ozon

Soyuz.TM 12,May 18-OctoberII,1991

! 145 days in space

See Mir Principal Expedition 10 note.

.L
:_ _ gl _ May 20-May 26, 1991Kvant 2

Soyuz-TM 12 s Mir • Kvant • Soyuz-TM 11
_, Kristall

Arrival of Soyuz.TM 12. The Derbents welcomed aboard MirAnatoli

ii_" Artsebarski, Sergei Krikalev (on his second visit to the station), and British
• cosmonaut-researcherHelen Sharman,who was aboardaspartof ProjectJuno,

a cooperative venture partly sponsored by British private enterprise.
Sharman's experimental program, which was designed by the Soviets, leaned

_ heavily toward life sciences. A bag of 250,000 pansy seeds was placed in the
. Kvant 2 EVA airlock, a compartment not as protected from cosmic radiation as

.... other Mir compartments. Sharman also contacted nine British schools by radio i
: and conducted high-temperature superconductor experiments with the
• Elektropograph-7K device. Sharmancommentedthatshehaddifficulty

:. finding equipment on Mir as there was a great deal more equipment than in the a
trainer in the cosmonaut city of Zvezdny Gorodok. Krikaiev commented that,

' while Mir had more modules than it had had the first time he lived on board, it It

did not seemless crowded,asit containedmoreequipment. Krikaiev also
: noted that some of the matedais making up the station's exterior had faded and /

- lost color, but that this had had no impact on the station's operation, m
' /

' Solar power problems. During a communication session with a British girls' |
Ik

school on May 21, Sharman commented that Mir was experiencing solar array i- problems because of the station's changing orientation. Late that day the level-
of background noise on the station suddenly fell from the customary 75 ';

:: decibels as fans, circulating pumps, and other equipment shut down. The
lights began to fade. A computer in the orientation system had failed, prevent-

ing the solar arrays from tracking on the Sun, and causing Mir to drain its i
_, batteries. Sharman stated that Afanaseyev and Manarov told her such power
, problems had occurred before. When it reentered sunlight, the station was tturned to recharge its batteries,n7

Kvant 2 May 26-28, 1991

Soyuz-TM 12 • Mir • Kvant
....... Kristall
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Kvant 2 May 28-June 1, 1991

Mtr • Kvant • Soyuz-TM 12
Kristall

Moving Soyuz.TM 12. The Ozons need_,t .. move their spacecraft to Mir's
aft port to make way for Progress-M 8, which could not dock with the rear port
because of the damage to the Kurs approach system antenna there. The move
required 42 rain.

't

r:3

:' Kvant 2 June 1- August 15, 1991

Progress-M 8 • Mir • Kvant • Soyuz-TM 12
Krletall

MAK-1. The cosmonauts released the small MAK- 1 satellite from the Mir

. : base block's experiment airlock on June 17. It was designed to study Earth's _1

1

, ionosphere. However, a probable power failure prevented its antennas from

:1: deploying,and the satelliteremainedinert.

'2 , i

, First EVAmfixing Kurs. On June 24 the Ozons exited the hatch on Kvant 2
1. and clambered over Mil"s hull to the aft end of Kvant, where they removed the

damaged Kurs approach system unit and replaced it. They also assembled a

prototype thcrmomechanicaijoint to be usedin theassemblyof spacestruc-
tures. The EVA lasted 4 hr, 53 min.

Second EVA wTREK, On June 28 the cosmonauts attached to Mir's hull the

TREK instrument, a device for studying cosmic ray superbeavy nuclei. The
: experiment was devised by the University of California and delivered by

Progress-M 8. The Ozons used the Strela telescoping boom to move about the ./

_ station. EVA durationwas 3 IV, 24 rain.

: TMrd EVA_Preparing for Sofora construction. On July 15 the Ozons used q[!
',, the Strela boom to transfer equipment from the Kvant 2 EVA hatch to the work

site on Kvant. They attached two ladders to Kvant to give them handholds,
, then assembled a platform for Sofora on Kvant. Sofora was to be a 14.5-m

girder extending from Kvant. The EVA lasted 5 IV, 56 rain.

! 1Fourth EVA--Sofora construction commences. On July 19 Krikaiev andAnsebarski installed an automated assembly unit similar to the one IGzim and
Solovyov had experimented with on Salyut 7 in 1986. Sofora was also an i
experimental construction, but the Soviets had plans to attach an attitude !

control thruster unit to it if it functioned as expected. The thruster unit would
augment Mir's attitude control systems. They assembled 3 of 20 segments

: planned for Sofora before returningto Mir. The EVA lasted 5 iv, 28 min.

Fifth EVA--Sofora construction continues. On July 23 the Ozons added ! I
segments to the Sofora girder. The EVA lasted 5 iv, 34 rain.

Sixth EVA---Sofora construction completed, On July 27 the cosmonauts
added the last six segments to the Sofora girder. They aist_attached a Soviet
flag in a metal frame to the top of the girder. This was not planned in advance;
the cosmonauts decided independently to attach the flag. Ansebarski's visor

For Icon Key, see page 76 131
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fogged up from exertion, but Krikalevwas able to help him back to the Kvant
2 hatch. EVAduration was 6 hr,49 min._"

August15-23, 1991

Kvant 2

Mir • Kvant • Soyuz-TM 12
Kristall

, August23-September30, 1991

Kvant 2

! ProgreelI-M 9 • Mir • Kvant • Soyuz-TM 12
Kristall

' Failed coup dh_tatin Moscow. The coupagainst MikhailGorbachevhad
little immediate impact on Mir operations. Progress-M 9 was launchedas the

: coup attemptfell apart, on August 21. BorisBelitsky,a RadioMoscow space
andscience reporter,stated thatthe TsUPrelayed broadcastsof Soviet Central
TV (pro-coup)andRussianRadio(anti-coup)to the Ozons. He statedthat

• there were neverany plansto abandonthe stationduringthe coup,but revealed
that suchprovisionsexisted in the eventof theoutbreakof a majorwaxon

, Earth.t_

September30-October4, 1991

Kvent 2

: Mir • Kvant • Soyuz-TM 12
' ' Kristall /

:_ 2.9.3.11 Mir Principal Expedition 10

. Alexandr Volkov,Sergei Kfikalev
Crew code name--Donbass

:. Soyuz-TM 13, October2, 1991-March25, 1992
: i75 days in space

: Krikaievremainedon board Mir whileAx'tsebarskireturnedto Earth in Soyuz-TM 12. Volkovarrivedon Soyuz-TM 13
to replaceArtsebarski.Krikalev'stotal time in space (PrincipalExpedition9 and 10) was 320 days.

October 4-10, 1991

Kvant 2

.... Soyuz-TM 13 • Mir • Kvant • Soyuz-TM 12
Kristall

Soyuz-TM 13 arrives. Soyuz-TM 13carriedAustriancosmonaut-researcher
FranzViehboeckandKazakhcosmonaut-researcherToktarAubakirov. The
flightwas unusualforcarryingno flightengineer. VeteranRussiancosmonaut
AlexandrVolkovcommanded. The Austrianspaid$7 million to fly Viehboeck
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to Mir, and the Kazakh ,:osmonaut flew partly in an effort to encourage newly-
independent Kazakhstan to continue to permit launching_ from Baikonur
Cosmodrom¢. The cosmonaut-researchers photographed their re,_pectivc
countries from orbit and conducted ttle usual range of materials processing and
medical experiments. Artsebarski traded places with Voikov and returned to
Earth in Soyuz-TM 12.

October 10-15, 1991

Kvant 2

Soyuz-TM 13 • Mir • Kvant
_' Kriltall

: \_ October 15-21, 1991

Kvant 2

Mir ° Kvant • Soyuz-TM 13
__ Krletell

i'. . tll \ --_ October 21, 1991-January 20, 1992

_ Kvant 2 _i

Progreee-M 10, Mir • Kvant • Soyuz-TM 13

,. Kristall
Impact damage. By thisdatetheMir baseblock hadsufferedorbitaldebris
and meteoroid damage on the flat sealing surface of one of its docking rings

" and on most of its windows) _°

Progress-M 10 aborts docking. The spacecraft broke off its first docking
• attemptonOctober19 ata distanceof 150m. It successfullydockedon

• October 21.

Cosmos 1897 drifts off station. The Altair/SR satellite drifted to 90 ° E in the

_ geostationaty belt by March. By lateApril the Soviets had maneuvered it back
to 95° E, but by the end of 1991 it had drifted to 77° E and was widely
considered inoperative. The other Aitair/SR satellite, Cosmos 2054, continued
to serveas a communications relay betweenRussiaand Mir.

: Diagramma, In October the cosmonauts extended a Diagramma boom from
Mir's small alrlock to test the atmosphere around the station.

Mir problems. The cosmonauts ended 1991 by replacing storage batteries and
conducting ongoing repairs on the complex. At the end of the year total solar
array power production was down to 10 kW. In addition, 4 of 6 gyrodynes on

: Kvant 2 and I of 6 gyrodynes on Kvant (5 of Mir's total of 12) had failed.

Progress.M 10 undocking delayed. The spacecraft topped off Mir's propel-
lant tanks on January 13. Undocking planned for January !8 was postponed by
a problem with the wiring of Mir's gyrodynes, which affected the station's
attitude. When it undocked on January 20, it carried a Raduga return capsule,
which was safely recovered.

For/con Key. see pare 76 133 .,. ,
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• January 20-27, 1992
Kvant2

MIr • Kvant • Soyuz-TM 13
Krlstall

January27-March 13, 1992
Kvant 2

_' Progress-M 11 * Mir * Kvant * Soyuz-TM 13
, Kristall

ProgRss.M11. Thespacecraftcarrieda repairkit forthestation'sgyrodyncs.
Duringitsapproachtothestation,flightcontrollersintheTsUPwereonstrike

: 7 forhigherratesof pay,buttheydidnotinterferewiththedocking.Progress-M
I 1boostedthecomplexintoa413kmby380kmorbitbeforeundocking.

" --Communication cutbacks. In January1991 the fleet of ocean-goingtracking
shipsin placesince theearly 1960swas phasedoutof Miroperationsto save
funds. Some of the shipscontinuedto operateto supportunmannedmissions,

' and couldstep in asa backupwhen neededto supportMir. By mid.February,
Mirwas spendingupto 9 hrseach day outof touch with theTsUPbecause of j
trackingsystemcutbacks.t3)

:i EVA. OnFebruary20 Volkovand Krikalevopenedthe Kvant 2 EVAhatch for
:;" whatwould be Krikaiev'sseventhEVAin less than a year. The heatexchanger ,,i

on Volkov'sOrlan-DMAspacesuitfailed,forcing a hastyrevision of the EVA
: plans. Volkovremainednear the hatch, so could not operate the Strela boom to )

_ move Krikalevto theprime worksite on Kvant. Volkov assistedin installation i
- of spaceexposureexperimentsnearthe hatch,then Krikalevclambereddown /

Kvant2 andoverthe hull to Kvant. He disassembledequipmentused in II
buildingthe Soforagirderin July 1991, thencleanedthe camerason Kvant.

i Finally,he collectedsamples of solar cells addedto the third(top) arrayon the
', . base block in 1988. The EVAlasted 4 hr, 12 min.

March 13-14, 1992
> Kvant 2

• Mir * Kvant* Soyuz-TM 13
": ....' Kristall

_ A \ March 14-19, 1992
Kvant2

8oyuz-TM 13 * Mir • Kvant
Kristall
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2.9.3.12 Mir Principal Expedition 11

Aiexandr Vikt_rcnk_), Alexandr Kalt:ri

{'rL,w code namv Vityaz
Soyuz-TM 14, March 17-August 10, 1992
147 days in spa_c

i \
__1_ Kvant 2 March 19-25, 1992

Soyuz-TM 13 • Mir • Kvant • Soyuz-TM 14
Kristall

Soyuz-TM 14 arrives... Klaus Dietrich Flade became the second German to

" visit a space station when he reached Mir with the Vityaz crew. The first was
Sigmund Jahn of East Germany, who visited Salyut 6 in 1978. Flade con-
ducted 14 German experiments as partof Germany's preparationfor participa-
tion in the Freedom and Columbus space station projects.

... and Krikalev departs. Sergei Krikalev was to have returned to Earth in
October 1991, but moves to cut costs had forced modifications to his mission.

:. A Soyuz-TM flight was cancelled, and his replacement, Alexandt Kaleri, was
bumped from the Soyuz-TM !3 flight to make way for Toktar Aubakirov on
the Soyuz-TM 13 flight. Krikalev had to remain on board Mir. Western news

: agencies had reported that Krikalev was stranded on Mir, though this was of
r course incorrect. NPO Energia paid Kazakh authorities $15,000 in rents for '!

,- airports and helicopters during the recovery operation. ','t

• March 25-Apdl 21, 19P2
Kvant 2

Kvant • Soyuz-TM 14 •

• Kristall _[

: Kvant 2

Progreas-M 12 • Mir • Kvant • Soyuz-TM 14

, Krletall _1

i Mir sleepy. During this period, NPO Energia representative B. Chertok stated |
: that the Mir station, by this time 6 years old, could no longer be mothballed. It

would, he stated, "doze off forever" within 2 months without the attentions of a

: resident crew._32 i
I

Kvant 2 June 27-July 4, 1992

MIr * Kvant • Soyuz-TM 14
Kriltall
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Kvant 2 July,4-24, 1992

Progrus-M 13 • MIr • Kvant • Soyuz-TM 14
:,i ' Krlltall

" EVA_in_ipectlng Ilyrodynt:_. Kv_tnt 2's gyrodyne,s w_r¢ installt'd on it.',

exterior, within easy reach of the Kraal 2 EVA hatch, The Vityazrs spent 2
hr, 3 min examining die gyrodynes in anticipation of a future repair and

: replacement missit),

............. = ...... ,- .

Kvant 2 July 24-29, 1992

• MIr • Kvant • Soyuz-TM 14

_ Kristall

2.9.3.13 Mir Principal Expedition 12

' Anatoli Soiovyov, Sergei Avdeyev
Crew code name--Rodnik

• $oyuz-TM IS, .luly 27, 1992-F_:bruary 2, 1993
lql days in space

i Kvant 2 July 29-August 9, 1902 ,_i

Soyuz-TM 15 • Mir • Kvant • $oyuz-TM 14 /
Krlstall t :

, r

_, Franco.Russlan Antares mission. Michel Tognini, passenger aboard So)uz- ,
I

,.- TM 15, was the third Frenchman to visit a space station. He conducted ten i
experiments using 300 kg of equipment delivered by Progress-M flights.

' August 9-18, 1992 !
i ..... " Kvant 2 _i

" Soyuz-TM 15 • Mir • Kvant _l

Kriotall !

1
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Kvant 2 August 18-October 21, 1992 i

8oyuz-TM 15 • Mir • KvInt ° ProgruI-M 14
Kr!stall

Progrcs_.M 14deliver_ VI)U. The modifiedProgress-Mspacecraftd(_'kedat
the Kvant pen. It=place of a tanker ¢tnnpa_ment, it carried a 700,kg VDU
[hwusterunit designed to be installed atop the Sotiwa girder mounted on Kraal,
The unit was designed to improve Mir's attitude control capahililies, Coin-
mends from the TstJI_automatically unloaded the VDU unit on September 2,

First EVA_preparing for Vi)U Installation. Avdeyev and Solovyov moved
- - the VDU to the work site and preparedthe Soft, re girder on September 3, F,VA

duration was 3 hr, 56 rain,

"- Second EVA_laying a cable. On September 7 the cosmonauts bent Sofol;
back on a hinge at onc-third of its length to makc its top more accessible, and
laid a control cable along the girder. They also removed thc remnants of the
Soviet flag placcd on the mast during its assembly in 1991. It had been
reduced to shreds by UV degradation and orbitaldebris and meteoroid impacts.
EVA duration was 5 hr, 8 rain.

. Third EVAIVDU Installation complete. On September 11 the cosmonauts j
, attached the VDU unit atop the Sofora girder and hoisted it into position by
: .. straightening the girder. The EVA lasted 5 hr, 44 min.

Fourth EVA_preparing for Soyuz-TM 16. On September 15 Solovyov and _*

, Avdeyev retrieved solar cell and materials samples and moved the Kurs
• rendezvous antenna on Kristall so it could be used by Soyuz-TM 16. /_

: October 21-29, 1992
: Kvant 2

•_ Soyuz-TM 15 • Mir • Kvent
'_ :' Kristall

Soyuz-TM 15 • Mir • Kvent • Progrees-M 15
: Kristall (

,, MAK-2 deployed. The cosmonauts released the 16.5-kg satellite from the Mir
.... base block's experiment airlock on November 20. Its purpose was to study

Earth's ionosphere.

_i_" Near.miss by satellite. The derclict 550-kg Cosmos !508 satellite, launched
by the Soviet Union in 1983, passed within 300 m of Mir on November 8. "_

For Icon Key, see page 76 137
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2.9.3.14 Mir Principal Expedition 13

Gennadi Manakov, Alexandr Poleshchuk
Crew code name--.EIbrus

i ' Soyuz.TM 16, January 24, 1993-July 22, 1993
178 days in space

i -

Kvant 2 January 26-February 1, 1993
[ •

i " _::: Soyuz-TM 15 • Mir • Kvant • Progress-M 15
Kristell

._ Soyuz-TM 16

• Soyuz-TM 16 creates a unique Mir configuration. Soyuz-TM 16 docked
with the lateralAPAS-89 docking unit on KristaIl. This tested the unit for

future operations. Mission commander Manakov was paying his second visit
_' to Mir. On January 28 the cosmonauts carried out Rezonans tests on the Mir

! complex, which at this time weighed more than 90 tons (its heaviest ever) and
included seven separately launched spacecraft. I_

i ..... Kvant 2 February 1-4, 1993
Z-- ._"

,; Mir • Kvant • Progress-M 15 J
_._. Kristall ,,

., tI

Soyuz-TM 16 )

Avdeyev and Solovyov return to Earth. The Soyuz-TM 15 descent module /
, loweredto Earth beneathlow clouds,toucheddown, androlledpartwaydown "

a hillock. It cameto test 150m from afrozen marsh,t3s

i=

Kvant 2 February 4-23, 1993
Mir • Kvant

-, Kristall

_. Soyuz-TM 16

|
• Znamya. On February 4 Progress-M 15 undocked from Mir and backed to a
,- distance of 230 m. The spacecraft fired thrusters to cause it to rotate about its '.I

:: long axis, after which it successfully deployed a 20-m, 40-kg foil reflector
,, called Znamya ("banner") from its orbital module. It was a test of a future
. t I• solar reflector/solar sail designed to illuminate a.d warm regions on the Earth's

r : surface not in direct sunlight, such as the pt)lat regions in winter. The expcri-
• ment lasted only 6 rain, during which time Progress-M 15 and the nearby Mir

complex passed over Europe along a path from Lyon, in southern France,
through Praguc in the Czcch Rcpublic, to Gomel in eastern Bclarus. Znamya
was sighted in the predawn sky in many placcs along the path. including

:i
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Part 2 Almaz/Salv,Jt/Mir 1

southern France. eastern Poland. and Belarus. Manakov and Poleshchuk

observed the test from Mir. Znainya was then cast off. The collapsed, tum-
bling reflector remained visible from the surface for 24 hr. It was seen _,_a
glittering object over much of Canada. '_' ,7

ProgR_-M 15 in teleoperations experiment. After discarding Znamya.
: -- Progress-M 15 was controlled by the cosmonauts on Mir at a distance of 200

m. The test lasted 12 min. Progress-M 15 was deorbited by command from
the TsUP on February 7.

) February 23-March 27, 1993
r Kvant 2

.

Mir • Kvant • Progress-M 16
- Kriatall

Soyuz-TM 16

Progr_,s-M 16 delivers replacement parts. On Match 2 Manakov and
Poleshchuk replaced Mir's air conditioning unit. They also replaced compo-
nents in the part of the communication system linking Mir to the Cosmos 2054 J

- Aitair/SR satellite. Over the next week the cosmonauts installed new

gyrodynes in Kvant 2 and replaced parts in the computers. On March 19
..... Poleshchuk and Manakov connected the electrical systems of Kvant 2 and 1
_, Kristall. Soon after, they tested the new gyrodynes in Kvant 2 by moving the I
_ complex. ,

._- Progress.M 16 controlled from Mir. The cargo craft undocked early on

March 26 and backed off to a distance of 70 m under control of the cosmonauts 1
!' insideMir.TheythencommandedProgress-M16toapproachanddock.The )
_ operationwascompletedwithin20min ofinitialundocking.Finalundocking

onMarch 27was initiatedandcontrolledinitsinitialstagesby Poleshchukand /'

Manakov. The TsUP took control for the final stages of the cargo ship's flight
and its destructive reentry.

i

: Kvant 2 March 27-April 2, 1993
Mir * Kvant

: Kristall

,_., Soyuz-TM 16

: For Icon Key, see page 76 139 I
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. Kvant 2 April 2-May 24, 1993
Mir • Kvant • Progreu-M 17

Kristall

_ $oyuz-TM 16

First EVA--loss of Strsla handle. Late on April 19. Poleshchuk and
: Manakov opened the airlock hatch on Kvant 2 to begin the first of three
::, - planned EVAs. Its objective was to install solar arrayelectric drives on the

sides of Kvant. These would laterreceive the collapsible solar arrays from
• " Kristall. Poleshchuk climbed down the length of Kvant 2 to the base of the
_ Strela telescoping boom attached to the base block. Manakov then fixed

i, himself to the end of the boom, at which point Poleshchuk swung the boom to
move him to the installation site on Kvant. A container holding one of the

-• electric drives was transferred using the boom. With difficulty the cosmonauts
attached the drive to one of the frameworks which had been assembled on

opposite sides of Kvant in 1991 by Titov and Manarov. Poleshchuk noticedi
_ that one of two control handles for the Strela boom had come off and floated

away. A new handle would have to be sent up from Earth before work could
continue. The EVA lasted 5 hr, 25 min.

i

Waiting for the replacement handle. The second EVA, planned for April 23,
was cancelled. The cosmonauts carried out routine maintenance on the water

:: regeneration, electricity supply, and onboard computer systems. They also
' conducted Rezonans tests. '

,t" Kvant 2 May 24-July 3, 1993

:: Progrese-M 18 • Mlr * Kvant • Progreu-M 17 /
Krlstall

Soyuz-TM 16

;: Second EVA--solar array drive installation completed. Progress-M 18's.!

docking marked the fLrSttime a Soviet station was attended by two Progress
,, craft at the same time. In addition to the replacement handle for the telescop-

ing boom, Progress M-18 delivered replacement water pumps for the thermal
control system and computer parts. On June 18 Poleshchuk and Manakov

exited the station and repaired the boom, then installed the second solar array
electric drive. They completed their EVA tasks by televising images of Mir's _;

i ' exterior, t

140
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2.9.3.15 Mir Principal Expedition 14

VasiliTsibliyev,AlexandrSerehrov
Crewcode namemSirius
Soyuz.TM 17, July !, 1993-January14, 1994

" 198days in space

Kvant 2 July 3-22, 1993

_ Soyuz-TM 17 • Mir • Kvant • Progress-M 17
" " Kristall

Soyuz-TM 16

July22-August10, 1993

Kvant 2

:' Soyuz-TM 17 • Mir • Kvant • Progress-M 17

Kristall t
I

' Kvsnt 2 August10-13, 1993 i,

• $oyuz-TM 17 ° Mir • Kvsnt
Kristall

_. /'

tPerseids peak. Thenight of August12-13, the Perseidmeteor shower peaked.
The Perseidsoccurevery yearat this time, butin 1993an unusuallyhigh peak

, waspredicted. Becauseof this, the U.S. delayed launchof the SpaceShuttle
_: Discovery, which was scheduledto be in orbit at this time. The Siriuscrew

continued to work aboard Mir, but Russia took precautions: planes and
_ helicopters stood by for the possible emergency return of Soyuz-TM 17.

During the shower, the cosmonauts mounted an around-the-clockwatch, and
observedabout 240 meteoroidsburning upin the atmospherebeneathMir."a

:_ They also notedten windowimpacts, which producedcratersfrom 1.5 to 4 mm 4
across. Mirimpact sensorsnoted a panicle flux of upto 2000 times the normal 1
mean rateduringthe Perseidshower. Mir sustainedno readilyapparent
consequentialdamagefromthemeteoroids,but the Russians decidedto mount
EVAsto inspect Mir'sexterior nonetheless.

For Icon Key, see FaRe76 141
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Kvant 2 August13-October12, 1993

. Soyuz-TM 17 * Mir • Kvant • Progress-M 19
Kristall

First EVA--Rapana girder. The Siriuscosmonautsspent4 hr, 18 min
outside Mirassemblingthe Rapanagirderon topof Kvanton September16.

• This was a girderassembly exper+montwith implicationsforMir 2 space
stationdevelopment.

Second EVA--Rapana girder. TsibliyevandSerebrovspent3 hr,13 rain

. completingassembly of Rapanaon September20 (figure2-17).

• Tldrd EVA--Mir Inspection. On September28 the Siriuscosmonautsspent
1111",52 min carryingout miscellaneoustasks andinspecting Mir'sexteriorin
the first phase of the Panoramaprogram. They spored a 5-mm hole through

• one of the solararrays. The hole was surroundedby anareaof cracksseveral
cm across. Thecosmonautswere unableto determineif a Perseidmeteoroid
was the impactor.139

' , /i Kvant 2 October 12-13, 1993

Soyuz-TM 17 • Mir * Kvant

, Kristall ,,

October13-November21, 1993 /
Kvant 2

•--- Soyuz-TM 17 • Mir • Kvant • Progrels-M 20

, Kristall

.__ Fifth EVA--Mir inspection. The cosmonautsspent 38 rainconductingthe

._ Panoramainspectionof Mir andperformingmiscellaneoustasks on October ,,
22.

;..: Sixth EVA--Mir inspection. The Siriuscosmonautsspent 4 hrs on October
29 inspecting Miras partof thePanoramaprogramand conductingmiscella-
neous tasks. By the endof Panoramathey had inspected the entire skin of Mir.
Panoramarevealedmany small impactsites on Mir,though no hull penetra-
tions. Duringone of their EVAs,a piece of metal of indeterminateorigin _:

: driftedpastthe workingcosmonautsY4° _'
• I

a i

1 ll \ gvmnt2 November21, 1993-January10, 1994

+" _ Smyuz-TM17 * Mir * Kvant

Krletall

4
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2.9.3.16 Mh' Principal Expedition 15

ViktorAfanaseyev,YuriUsachyov,VaicriPolyakov
Crew code name--Derbent

Soyuz-TM 18, Januaryg-July9, 1994
186days in space

Vaicri Polyakov remainedaboardwith the Mir PrincipalExpedition 16crew. Plans are for him to live aboardMir for 15
months.

Januaq, 10-14, 1994

Kvant 2

_" Soyuz-TM 17 • Mir • Kvant • Soyuz-TM 18
Kristall

Kvant2 January14-24, 1994

Mir • Kvant • Soyuz-TM 18
Kristall

Soyaz-TM17recontaet.Soyuz-TM17struckMir duringthecustomary
" inspectionfly-aroundpriorto de,orbitbum. Fordetailssee section 1,13.3.

Tsibliyev and Serebrov were conductingproximity operationswith Mir.
Amongotherthings, they werephotographinga NASA JSC_builtdocking "

- : target theyhad installedduringone of theirEVAs. They were unableto arrest
_"-- Soyuz-TM17's forwardmovementbecauseof an improperlyset switch, and t'

so struckKristalltwo glancingblows withits descentmodule, Theblows
temporarilydisabled Mir's orientationsystem. Masterfulpiloting by Tsibliyev /
preventedSoyuz-TM 17fromstrikingMir's antennasandsolararrays,After
the incident,the Siriuscosmonautsand ground controllerscheckedover I
Soyuz-TM!7, while theDerbentson MircheckedoverKristall. Theyfound
no damage. NormalMir operationsresumed,and Soyuz-TM 17madea
normal reentry.I_, t_2

Kvant 2 January24-30, 1994

Soyuz-TM 18 • Mlr • Kvant
Krlstall

Kristali Inspection. Afanaseyev,Usachov. andPolyakove_amined Kristall
whentheyrepositionedtheirspacecraftat theMir forwar-.iport. Theydetected
no damagefrom the Soyuz-TM17reeontact.

Kvant 2 January30.March 23, 1994

8oyuz-TM 18 • MIr • Kvant • Progress-M 21
Kristall

Fop'/con Key, seepage 76 143
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Figure 2-17. MIr base block, Kvant, Kvant 2, end Krlstall (1994). Note the Sofora
boom and VDU and the Rapana girder attached to the top of Kvant, the Strela boom

• attached to the side of the base block, and the support on the side of the Kvant
module. A matching support is attached to Kvant's other side, out of view.
Eventually Kdstall's two solar arrays will be relocated to these supports. Soyuz-TM
and Progress spacecraft are omitted for clarity.
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' March 23-24, 1994• Kvant2
Soyuz-TM 18 • Mir • Kvant

Krlstall

JL
_ i- \ March24-May 23, 1994

Kvant 2
7 : Soyuz-TM 18 • Mir • Kvant, Progress-M 22
- • > Kristall

,_ Progress.M 22 delayed. Launchof the thirty-ninthProgressmission to Mir
was delayedto Match 22 from Match 19by heavy snowfallat Baikonur

• _ Cosmodrome.Therailsusedto transportProgress-M22to itslaunchpadwen=
coveredinsnowdriftsupto 7 m deep,sothespacecraftandboostercouldnot

_ bemovedfromtheirassemblybuilding.

• _ Mir/Freja electronbeamtests,Theweekof Match28,Mir cosmonautsf'Lred
an electronbeam gun atthe Swedish Frejaplasmaandmagnetosphericphysics

. satellitetostudyspaceplasmasandEarth'smagnetosphere.At thetimeMir
was383km abovethePacific,southofAlaska,whilethe214-kgFrejasatellite
was1770kmabovethesoutheastAlaskancoast.A Canadiangroundstation

,. monitoredthetest,whichresembledoneconductedontheSTS-45Space =

' :! Shuttlemission(Match 24-April2, 1992). t_
.o

•:- May 23-24, 1994 /
_', Kvant 2

Soyuz-TM 18 • Mir • Kvant '/
' Kristall

|

': May 24-July2, 1994
• Kvant 2 i

Soyuz-TM 18 • MIr • Kvant • Progress-M 23 i

Kristall t

i
; July2-3, 1994

Kvant 2
$oyuz-TM 18 • MIr • Kvant

Krist_ll

For icon Key,.seepage 76 145 i
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2.9.3.17 Mir Principal Expedition 16

Yuri Malcnchcnko, Talgat Musabayev, Valeri Polyakov
Crew codename--Agat
Soyuz.TM 19, July l-November 4, 1994

Valeri Polyakov arrived on Mir with the Principal Expedition 15 crew. He is scheduled to return to EaxZhwith the
Principal Expedition !7 crew in Soyuz-TM 20 in March !995.

5 July 3-9, 1994
• Kvant 2

: Soyuz-TM 18 • Mir • Kvant • Soyuz-TM 19
Kristall

.... tl T_ a Kvent 2 July 9-September 2, 1994
Mir • Kvent • Soyuz-TM 19

Kristall
i;

•
September 2-October 4, 1994 _'Kvant 2

•_ -- Progrees-M 24 • Mir • Kvent • Soyuz-TM 19 '"

..... Kristall
/

Progress-M 24 problems. Progress-M 24's first automatic docking attempt /
failed on August 27. During the second attempt, on August 30, Progress.M 24 1
bumped into Mir's forward longitudinal port two to four times at low speed,

; then drifted away. The Agat crew was running low on supplies, so the Rus-

, sians gave consideration to mothballing Mir in late September in the event
• Progress-M24 couldnot dock. Groundcontrollersstatedthatthe stationhad

"_" sufficient propellant to operate in unmanned mode for 4 months. On Septem-
ber 2 Maienchenko took manual control of Progress-M 24 using a control
panel on Mir. A TV on Mir displayed an image of the station's front port
transmitted from cameras on Progress-M 24; the same image appeared on

' ' screens in the TsUP. In an impressive demonstration of remote piloting, |
: MalenchenkodockedProgress-M24 withoutadditional incident. The tech-

niquehadbeentestedusingProgress-M 15and Progress-M 16 duringPrincipal i
Expedition 13 (1993). For additional details, see 1.11.3.

First EVA--many tasks, Malenchenko and Musabayev opened the Kvant 2
• " EVA airlock outer hatch on September 9 to begin humanity's 100th spacewalk.

During the spacewalk, which lasted 5 hr,4 min, they inspected the docking
port struck by Progress-M 24mit proved to be undamaged--and mended a

thermal blanket torn when Soyuz-TM i 7 struck the station on January 14.
They also prepared equipment for moving the Kristall solar arraysto Kwatt,
and affixed test materials to Mir's exterior.
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Second EVA--_olar array transfer preparations. On September 14
cosmonautsMusabayevand Malenchcnkocarriedout assembly work con-

_. nected with the ongoing effort to move Kristall's solararrays to supports on
Kvant. They also inspected the Soforagirder. The EVAlasted 6 hr, I min.

October4-6, 1994
Kvant2

Mir • Kvant • Soyuz-TM 19
Krlstall

T J

2.9.3.18 Mir Principal Expedition 17

' AlexandrViktorenko,YelenaKondakova,ValeriPolyakov
Crew code namemVityaz
Soyuz-TM 20, October 3, 1994-

Polyakov was launchedon Soyuz-TM18 on January 8, 1994. He is scheduledto returnto Earthwith Viktorenko and
Kondakovain March 1995, after more than 420 days in space.

T " October6-November4, 1994
Kvant2

• Soyuz-TM 20 • Mir • Kvant • Soyuz-TM 19 '

, i _" Kristall ,.it

i Euromlr 94 begins. Viktorenko was on his fourthvisit to Mir. Duringfinal !i
", approach,Soyuz-TM20 yawed unexpectedly. He assumedmanual control and /

completed docking without incident. Kondakova, the missionrookie, was the /' :
,: thirdRussian femalecosmonautand the firstfemale to take part in a long- •4"

durationflight. They were accompaniedby ESA astronautUlf Merbold,a I,t
physicist andveteran of two U.S. Space Shuttlemissions. The month-long

:d Euromir94 experimentprogramwas considereda precursorto the ESA
_ Columbusmoduleplannedfor the joint U.S.-Russia-ESA-Japan-Canadaspace

.....• station. Merbold's programwas plannedrapidly, final agreement between ,I
: ESA andRussianhaving been concludedin November 1992. It was also i

'" " i

constrainedby funding limitationsmESA budgeted only about$60 million for
_, Euromir94. Becauseof these limitations,Merboldreliedheavilyon equip-

ment lefton Mirby earlierFrench,Austrian,andGermanvisitorsto the
station,as well as the Czech-builtCSK-I materialsprocessingfurnace. He
also used equipmentdelivered by Progress-M24 and Soyuz-TM20.

Merbold'sexperimentprogramincluded 23 life sciences, 4 materialssciences, '.iand 3 technology experiments. The mission is to be followed by the 135-day
Euromir95 mission, schedtlledto startin August 1995. I

Power shortage and materials processingfurnace problems. On October
I! the six cosmonauts aboardMir were unableto activate a video cameraand

TV lights while rechargingSoyuz-TM20's batteries. A shortcircuit had
disabled thecomputerwhich guided Mir's solararrays,forcingthe station to
drainits batteries. The cosmonautsused reactioncontrolthrusterson the I
Soyuz-TMspacecraft docked to the station to orient it so its solar arrays would

- point toward the Sun, andswitched on a backupcomputer. Normalconditions

•; For Icon Key, seepage 76 147
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were restored by October 15, According to YuriAntoshechkin, Deputy Flight
Director fi)r Mir Systems, speaking in December at JSC, the shortage afflicted
only the Mir core module. Antoshcchkin stated through an interpreter that
unspecilied minor crew error, coupled with a h)ng period out of contact with
monitors in the TsLIP {caused by Allair/SR relay satellite "prophyla_:tic work")
during a crew .sleep period, contrihuted to the base block discharging its
batteries unnoticed, and that an automatic alarm awakened the crew when the

+ power .shortage reached a critical level. _4+Ground teams rcsched.led
Merbold'.s experiments to allow completion of those interrupted by the power
pmt)lem.s, and moved experinaents using large amounts of electricity to the end

,i: t)l' Merbold's stay. in addition, the Czech-built CSK-I furnace malfunctioned,
forcing postponement of five of Mcrbold's experiments until after his return to
Earth.

• Testing MIr's Kurs System. On November 3 Malenchenko, Musabayev, and
Merbold undocked in Soyuz-TM 19 and withdrew to a distance of 190 m,

- They then activated its Kurs system, which successfully guided the spacecraft
. to an automatic docking with Mir's aft port. The cosmonauts then went back

into Mir. The test was a response to the Progress-M 24 docking problems. If it
_ had failed, the Soyuz-TM 19 cosmonauts would have made an emergency

return to Earth.

Two European space travelers, The Space Shuttle Atlantis lifted off from
Kennedy Space Center on an 1l-day atmospheric research mission on Novem- d

- her 3. French astronaut Jean-Francois Clervoy was aboard as a mission
_ specialist. In remarks made after Atlantis' launch, ESA Director-General Jean-

Marie Luton stated that there was "a French astronaut flying on an American .
=" Space Shuttle to perform experiments from U.S., French, German, and Belgian ,

scientists....Meanwhile, on Russia's Mir space station, ESA astronaut Ulf

Merboid is completing a month-long mission, the longest in European space- ._
flight. By the end of the decade, this level of cooperation will be routine ?
aboard the international space station. ''_ /

Euromlr 94 ends, On November 4 Merbold again squeezed into the Soyuz- L
TM 19 descent module, this time with 16 kg of the life sciences samples he

eellected during his stay on the station. Additional samples_including 'i
. materials processing samples to be produced when the Principal Expedition 17

cosmonauts carry out the experiments Merboid was to have conducted during ,,
his stay--may be returned to Earthby Space Shuttle Atlantis in mid-1995. ,
Soyuz-TM 19 undocking, deorbit burn, reentry, and landing occurred without J--_,_, significant incident.

_" ta _ November 4-13, 1994 i

Kvllnt 2

" Soyuz-TM 20 • MIr • Kvant
Kristall
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• ill }_ i K,,,,t
[_tDTa_[_i_l _ Soyuz-TM 20 • Mir • Kvmnt • Progrmss-M 25

m l _ II Kristall
¥

PrQI4rrs_-M25 arrivc,_. Viktc)r_nkost(x)dby at tbercmow ¢omrol panelo.
Mir during approa_:h,but manual intervention was unne_essm'y. Polyakov,
veleran of Ihe Progwss-M 24 problems, called Pn)gress-M 25 "an ideal
freighter," Among ()tiler cargoes, Progress-M 25 delivered replacement parts

' fi)r the failed CSK-I materials processing furnace. ''_

$0,000 orbits. On November 18 the Mir base blocl: completed its 50,000th
orbit of the Earth, having covered about 1.9 billion km since launch on

• '. February 20, 1986.14_

For Icon Key, see pose 76 149 ,.
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StationModulesand Tug Programs

1960 1970 1975 1980 1965 1990 1995 2000

fromSoyuz _]_Programs Kva Kv ristall

(Pr°lrass) Spek'tr | |Priroda

• II
II
II

: ' """ docked to Mir

-:: Merkurd_al I

i_ " II
s_==s=o_ l lCosmos CosmosCosmos ModuleTrack

"r.' [ --1267 "1443 COSMOS Kvant2, Spektr,

; • . [ 1686 Kristall Pri
.......... FGB Track

TKS Vehicles s_ce
Tug

:..... Track Kvant FSM

_', "_ _ I;
',: Polyus
' Service

'-" _,_Module ,'?

Astrophysical
Research

I Mo<lule(odgirmlly intended as Mir module-- ,/

modified.fofly as independent satellite) ilto:_- Figure3-1. Stationmodulesandtugsevolution. The chartabovesummarizesthe evolutionof
vehiclesoriginallydevelopedas transportcraft for theAlmazspace stationprogramandsubseouently
reappliedto many newfunctions.The narrowlightgrayarrowcomingdownfrom the topleads from

....::' the SoyuzProgramschart (figure1-1). The broadgrayarrowatrace whatis general;yknowninthe
West aboutthe evolutionof Soviet/RussianSloacestationmodulesand tugs. The black-linedbox
enclosestheTKS program,andthe blackarrows(solidand dashed)leadto the StationPrograms
chart (figure2-1)
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Part 3 Space Station Modules

Part 3 • Rendezvous and docking systems In many cases, these spacecraft
• AV engines performed multiple functions; for

Space Station • Thrusters and attitude control example, the Cosmos 1443 TKS
served as a tug, boosting the orbit of

Modules systems the Salyut 7 station, delivered cargo,
• Propellant tanks and was also identified as a space

• Power systems station module.

• Guidance and control systems

3.1 General Description • Thermal control systems 3.2 Detailed Overview
:' The heritage of the space station (1962-Present)

modules joined to Mir is convoluted To form the vehicles in the different
: (figure 3-1). In all cases, however, categories, the common predesigned

they are based on a "universal systems are grouped or modified in
various ways? ,4 Modifications are 3.2.1 The Beginning of: block," a vehicle referred to by the

Russian acronym FOB (figure 3-2). made in Soviet Multimodular Space
• Location of engines Stations (1962-1964)

+. For our purposes, we can group • Number and size of propellant

FGB-based vehicles into three tanks-up to 16 tanks may be While primarily concerned with cir-.

categories: added cumlunar flight, the prospectus

:' Transport Logistics Spacecraft * Electric power system capacity.- "Complex for the Assembly of Space
• (Russian acronym TKS) (1976- expandable to 7.5 kW, with Vehicles in Artificial Satellite Orbit

:+_" ' 1983) nominal consumption of 3 kW (the Soyuz)" also included reference

• • Space station modules (1985- • Solar array configuration (if to a space station assembled from in- I
i, present) arraysare used) dependently-launchedmodules. The

" • Space tugs (1987-present) • Internal layout of the FGB prospectus was the product of Spe-
_'. cial Design Bureau-I (Russian acro-

• Volume of the FGB pressurized nym OKB- 1), which today is called
All these categories have in common compa.-tment RKK Energia (until recently, NPO |

thef°!! °wing''predes_gnedsys" • Configuration of the modules Energia). The document was ap- ;
: terns.-'.', added to the FGB "aft" section proved by OKB-I's director, Sergei

• Basic FGB structure, including Korolev, on March 10, 1962. How- /
pressurized volume ever, OKB-1 rapidly became preoc-

,,, cupied with the Soyuz vehicles it
was developing for the Soviet lunar

:: program. It fell to V. N. Cheiomei's
"- OKB-52 organization (today called

+" NPO Mashinostro-yeniye) to start
," buildingthefirstSoviet space sta- t

tions. On October 12, 1964, OKB-
"_ 52 began development of a space sta- J

rl tionsystem called Almaz ("dia-

. round"). When approved in 1967, i
Almaz comprised the single-launch
Almaz space station with crew cap-
sule; the TKS (figure 3-3) which
supplied the station, delivered its

crews, and provided them with living
• quarters; and the Proton booster for

launching both Almaz station and

Figure 3-2. FQB. ThisIs a simplifiedaftview of the TKS.
propulsion/cargomoduleusedinthe TKS vehiclesandas the
basisforsubsequentspacestationmodulesand iugs. Aft (left) Developmentof the crewcapsule,

: detailsare conjectural. Solar erraysare omittedforclarity, sometimescalledMerkur ("Met-
, cury") (figure3-4) was coordinated
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©

/

Figure3-3. TKS. The FGB and Merkurvehicleswerejoinedtogetheraft endto aft
endtoforma TKS; thus,this isa frontviewof the conicalMerkurcapsule(left), and

:' an aftview of the FGB (right).

' " t

l

_ by the main OKB-52 organization. 3.2.2 TKS (1970-1978) build the first Long-Duration Orbital
OKB-52's Branch No. 1 (ancestor of Station (DOS- 1) within a year of the

the KB Salyut organization) was In February 1970, the Soviet transfer. This marriage of Korolev _i
charged with developing the FGB Ministry of Machine Building Soyuz and Chelomei Almaz hard- /t
component of the TKS. The station, ordered transfer of all completed ware was dubbed Salyut 1. It was
spacecraft, and launcher would all be Aimaz hardware from the Chelomei launched on a three-stage Proton in t ,

o. built at the Krunichev Machine bureau to the Korolev bureau. In April 1971. |

Building Plant. This was the same cooperation with OKB-52 Branch _
:, plant which built much OKB-1 No. 1, Korolev's bureau was able to Chelomei's bureau continued work

hardwareS, 6 on Almaz and the TKS. In Decem- ,4

_ her 1976, two TKS Merkur capsules ,I
were launched atop a Proton booster ,,

: -- under the moniker Cosmos 881-882. il

. This, and three additionaldual
capsule flights, were long misinter-

r prated as tests of subscale lifting

(_ bodies as part of the Soviet shuttle !i

effort. The first complete TKS (a
"" Merkur andan FGB), Cosmos929, '

: • reached orbit unmanned in July i
1977. Its Merkur capsule was

- successfully recovered in August
1977, and the FOB orbited until

: February 1978.

About i 980, the Soviet government
decided to concentrate all manned

Figure3-4. Merkurcapsule.
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. spaceflight activity at NPO Energia. station (1986). Cosmos 1686 orbit, thereby assembling large space
One Soviet source states that Soviet underwent uncontrolled reentry with station complexes. 12
Defense Minister Dmitri Ustinov Salyut 7 in February 1991.
"wound down" the TKS program by The Functional Service Module

1982, an assertion which seems to The decision to adapt TKS hardware (FSM) tug which delivered the
- match the schedule of the final two to serve the multimodular space Kvant module to Mir in April 1987

TKS test flights. 7 Cosmos 1267's station program affected Mir, the was a simplified FGB. It was
Merkur capsule reentered on May first muitimodular station. It was launched docked to the module's aft
24, i 98 !. Its FGB docked with the originally meant to receive 7-ton port. The FSM detached after
unmanned Salyut 6 station on June modules based on the Progress delivering Kvant to Mir's aft port.
!9, i 98 !. Cosmos 1443 docked with design at its lateral ports. Such
the unmanned Salyut 7 station in modules appeared often in Soviet In May 1987, the first Energia
March 1983. The Soviets idenified it conceptual artwork depicting heavy-lift launch vehicle carried the
as a cargo transport. The Salyut 7 multimodular stations. The first 80-ton Polyus space platform. A
Principal Expedition 2 crew un- Progress-based station module was modified FGB tug was integral to

" loaded cargo from Cosmos 1443 in to have been the Gamma astrophysi- Polyus, providing it with attitude
July-August 1983. By this time cai research module. In the event, it control and orbit maintenance

NPO Energia's efforts to reapply the flew as an independent unmanned propulsion. It was also meant to
-_ Mashinostroyeniye TKS designs to satellite? Its main instrument was complete orbital insertion for Polyus,
...... its DOS multimodular station the Gamma-I gamma-ray telescope, but attitude control failure thwarted

" program were well advanced. The docking unit which would have the orbital insertion maneuver.
: joined it to Mir was replaced in the Polyus fell into the Pacific Ocean. _3

flown version by a small eompart.
+r 3.2.3 Space Station Modules ment holding two additional tele- i
. (1985-Present) scopes._o

., Cosmos 1686 was a transitional Kvant docked at Mir's aft port on

vehicle reflecting the decision to March 31, 1987. It was delivered to
• convert the 20-ton TKS vehicles into Mir by a detachable FGB-based &

_ space station modules. It had an space tug. It was not itself based on
FGB very similar to the ones used in the FGB or TKS. It was originally /
the Cosmos 929, Cosmos 1267, and intended to dock with Salyut 7."

' Cosmos 1443 TKS vehicles. How- /' I

ever, its Merkur capsule was heavily Kvant 2 docked with Mir in Novem- [dt

• modified to house scientific instru- ber 1989. Kvant 2 was built around
! ,I

:_ ments and remained attached to the an FGB. Kristall, another FGB- ,i
FGB throughout its flight. Cosmos based module, docked with Mir in
1686 deliverex14500 kg of cargo to June 1990. ,i

Salyut 7 on October 2, 1985, though ,,,'

this cannot be taken as evidence that 3.2.4 Space Tugs (1987-" it was primarily a cargo TKS, like
' Cosmos 1443; the Mir space station Present) |

modules Kvant, Kvant 2, and Kristali

all delivered cargo as well. At the In 1974, on the day the Soyuz 14 i
• - time of its launch, Soviet sources crew returned from their stay on

stated that it had no Merkur capsule, Salyut 3, Academician Boris Petrov _;
' though later Russian sources stated de_cribed space tugs in an interview

that it had a capsule not designed to with the newspaper lzvestia. He
returnto Earth, which was to have stated that space tugs would be
been detached manually by the ground-controlled vehicles capable

: Chegets in January !986? Cosmos of searching for, capturing, and
1686 was left attached to Salyut 7 in propelling space station modules.

a long-duration test of critical They would be used to bring together
systems after the last crew left the modules independently placed in
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3.3 TKS (1976-1983)

3.3.1 TKS Specifications

! Launch weight .......................................... about 19,000 kg
Length.......................................................17.51m
Diameter ................................................... 4. !5 m

: Span across solar arrays ........................... ! 6 m
Number of main engines .......................... 2

.... Main engine thrust (each) ......................... 400 kg
. Habitable volume ..................................... about 60 m3

Number of crew ........................................ 3*

: Capsule diameter ...................................... 305 cm
Capsule height .......................................... 206 cm

*Never launched carrying a crew.

3.3.2 TKS Notable Features shield) to the aft end of the FGB ment. The hatch was reached

• (figure 3-2). The forward end of from Merkur by removing the
• the FGB was the broad, conical center couch.

• Launched on a three-stage Proton end with its probe docking unit. • Capsule propulsion systems in i
launch vehicle. At launch the forward end of the module attached to the nose of the

• Had a unique configuration FGB was pointed down, toward capsule. This permitted maneu-
- (figure 3-5). It can be thought of the top of the Proton booster, vering in orbit independent of the
_. as two spacecraft (Merkur and This put the nose of the Merkur FGB, and was also used for _'

FGB) joined aft to aft (figure 3-3). capsule at the top. deorbit bums. It was discarded
( The Merkur capsule (figure 3-4), • Couches for three cosmonauts in after completing the deorbit burn. ]
: which up until reentry had a long, the conical Merkur capsule. • Parachute module attached to the

slender nose containing the
capsule's propulsion system, was • A hatch through the capsule's heat nose of the Merkur capsule. /
attached by its aft end (heat shield led through a tunnel into • Capsule was designed to be |

the FGB pressurized compart- reusable; its heat shield did not

. : ablate during reentry.
• )',

• :

Figure3-5, CutawayofTKS vehicle, Detailsare conjectural.The broadblacklineoutlinesthe
vehicle'spressurizedcompartments,A tunnel(stippled)connectsthe FGB and Merkurcapsule,

._ III .....
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• During approach to a space , FGB and capsule could be • TKS or FGB could remain
station, cosmonauts piloted the controlled independently from the docked to a station for months,
TKS from a control post at the ground. The capsule could detach providing it with attitude control,
front of the FGB. The control from the FGB and return to Earth, orbital maintenance, additional

post had a viewport overlooking leaving it in free flight or attached volume, and power from its :_olar
: the probe docking apparatus, to a station. The FGB could be arrays.

docked by groundcontrolwith a
•: .... space station.

: 3.3.4 TKS Missions

Cosmos 881-882 December 15, 1976

For manyyearsthisandtheotherdual Cosmosflightswere interpretedin the
• West as tests of pairs of small spaceplanes in support of the Soviet space

' ..... shuttle program. In fact, they were tests of pairs of Merkur capsules. The
capsules were stacked together atop a Proton rocket. Cosmos 881 reached a

• , 198 km by 233 km orbit at 51.6 ° of inclination. Cosmos 882 reached a 189 km
' by 213 km orbit at the same inclination.

:_ Cosmos 929 July 17, 1977-February 2, 1978
!_'7"

,i Tested the capsule and FGB together in space for the first time. Components
, of the FGB had already been tested on Salyuts 2, 3, and 5. The spacecraft

_ '_ made several small maneuvers in its first 30 days of operation. It may haveii #'i

• _.': simulated docking with a point in space. The capsule separated on August 18 "

and landed in central Asia. The FGB then carried out more maneuvers in orbit.2.
• _ Cosmos 929 was intentionally deorbited over the Pacific Ocean. /

7!', .

'i_' /

Launch failure August 4, 1977

; The launch escape system rescued the top Merkur capsule for reuse after its

.i. Proton booster malfunctioned. The bottom capsule was desuwed.
r

Cosmos 997-g98 March so, 1976

Dual test of Merkurcapsules.

Cosmos 1100-1101 May 22-23, 1979
l

Dual test of Merkur capsules.

Cosmos 1267 April 25, 1981 -July 29, 1982

The spacecraftmaintaineda low orbit to permit studyof its atmosphericdrag
characteristics, until Salyut 6's last crew _Salyut 6 Principal Expedition b)
returned to Earth. U.S. military sources claimed that the side-mounted
propellant tanks were infrared homing antisatellite missiles. The capsule
detached and landed on May 24. The FGB then docked with Salyut 6 on June
19. Cosmos 1267 boosted the orbit of Salyut 6 Iwice, then deorbitcd it over the
Pacific.
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Co=me= 1443 March 2-September 19, 1983

Thc Soviets called the Cosmos 1443 TKS a freighter module. On March 10 it

docked with the forward port of the vacant Salyut 7 station. It carried 3600 kg
of cargo. Soyuz T-9 docked with the Cosmos 1443-Salyut 7 complex on June
28. The cosmonauts began unloading Cosmos 1443 on June 30. In early
August, the cosmonauts loaded the Mcrkur capsule with 317-350 kg of return
cargo. Cosmos 1443 undocked from Salyut 7 on August 14. It had completed
over 100 orbit adjustments and attitude changes for Salyut 7. The capsule
landed on August 18, and the tug continued to orbit for another month before

"_" the Soviets commanded it to make a destructive reentrt. In December 1993,
-i. Sotheby's of New York sold the Cosmos 1443 Mc:kur capsule to an anony-

• mous American collector for $552,500.

3.4 Cosmos 1686

-, Salyut 7 modulenTransitionai
: vehicle (TKS to spacestation
' " module)

October 2, 1985-February 7, 1991

. i
; f

t'1

1
-- Figure 3-6. Cosmos1686. Notethe Merkurcapsule(le_),heavilymodifiedto
ii housescientificinstruments, i

3.4.1 Cosmos 1686 Specifications

Launch weight .......................................... about 20,000 kg
Length ....................................................... 15 m

, Span across solar arrays ........................... 16 m
Maximum diameter .................................. 4.15 m

i Propellant mass at launch ......................... 3000 kg
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3.4.2 Cosmos 1686 Notable Principal Expedition (the Chegct This reduced the propellant

Features crew, which arrived on Soyuz-T supply of the complex to 70 kg
. 14). (about 500 kg were required fi)r

• Salyut 7/Cosmos 1686 complex controlled deorbit). In addition,
• Closely resembled the TKS (figure 3-7) massed 43 tons. Cosmos !686 and Salyut 7 each

vehicles (figure 3-6). Cosmos 1686delivered 4500 kg suffered major systems break-
. Merkur capsule was greatly of cargo, and nearly doubled the downs soon after they were

modified to carry instruments, volume available to the Chegets. abandoned, making the complex
Rasically, the retrorocket and Unfortunately, they were little impossible to control.
parachute packages were replaced able to use the supplies and • All previous space stations over
by scientific equipment, including experimental apparatus or the which the Soviets maintained
an infrared telescope and the room because of Vasyutin's control were intentionally

: Ozon spectrometer, illness, deorbited after their last cosine-

• Tested systems planned for use.on • On August 19-22, 1986, ground nant crew departed. The Soviets
the Mir station base block, controllers boosted the vacant estimated that the reboost gave

. • Docked with Salyut 7 on October Salyut 7-Cosmos 1686 complex the complex an 8-yr lifetime in

2, 1985, during the long-duration to a 474 km by 492 km orbit orbit. They considered recovering !/1

stay of the cosmonauts of its fifth using engines on Cosmos 1686. the station using the Buranshuttle.

• Cosmos 1686 underwent uncon-

r trolled reentry with Salyut 7 on ]
Februm'_ 11, 1991.

t
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3.5 Kvant _
Mir module--ttstrophysics and
attitude control

March 3 i, 1987-present

Figure3-8, Kvantmodule.

!

3.5.1 Kvant Specifications

Total launch weight .................................. 20,600 kg

/

•: Mir module weight ................................... 11,000 kg j
Functional Service Module (FSM)

Fweight ....................................................... 9,600 kg ,
• Length ....................................................... 5.8 m

Maximum diameter .................................. 4.15 m 1
Habitablevolume..................................... 40 m 3 /

' Anticipated lifetime at launch .................. 5 yr /

3.5.2 Kvant Notable base block's solar arrays for the rear port of the Mir base

i ', Features electricity. The Kristall module block. After docking in 1987, the

L :: arrays are scheduled to be moved front port Kvant antenna was
to Kvant in 1994, prior to the folded down, its work done.

• Kvant (figure 3-8) was originally docking by Space Shuttle Atlantis • Module blocks the main engines
designed for use with Salyut 7, with Mir in 1995. EVAs in 1991, at the rear of the Mir base block.

,,_ but launch was delayed past the 1993, and 1994, prepared the way Since Kvant docked, all orbital i
endurance of that station.J4 for the transfer of the _istall maintenance maneuvers have

i • Only space station module to solar arrays to Kvant. been carded out by docked
, . dock _t the rear port of a Salyut- • Plumbing for transferring fuel spacecraft.

type space station, from a Progress M spacecraft • Six control moment gyros
• Two pressurized living and arriving at Kvant's rear port to (gyrodynes), with a total mass of

".... working compartments and an propellant tanks for _ttitude 990 kg, which permit extremely
unpressurized (20 cu/m) experi- thrusters in the Mir base block, accurate pointing of the complex
meet compartment. Plumbing also transfers other (_acessaty for astronomical

• Absence of an integral propulsion fluids, observations). The gyrodynes
system. Delivered to Mir by FSM • Rear port features lgla and Kurs reduce the amount of attitude
tug (figure 3-14). rendezvous and docking systems, control propellant needed by the

• Absence of a power generation Front port features Igla only; it Mir base block's control thrusters.
system. Kvant relies on the Mir was used for initial docking with They do, however, use a great

162 .',
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deal of electricity. The gyrodynes • Equipment for extracting carbon Sirene 2 gas-scintillation proper-
• can he reached from inside dioxide and hm-mful trace gases tie.el counter, German i IEXE

Kvant's pressurized volume h_r from the station's atmosphere, high-energy X-ray experiment,
servicing, Up t_ the end of 1_89, The system is rated for use hy up and the Pulsar X-I high-energy
Kvant's gyrodynes saved the to three c_sln_)nauls. Tim X-ray/gamma ray detector,

¢ complex 15 tons of altitude filtration system is "renewed in contributed hy theSoviet Union.
controlpr.pcllant. _ Kvant also the " '"vacuum el space. Nonre- * Also carries the Svetlana electro-

aU_,lnentsthe ¢omplex's altitude newahle filtration cartridges are phoresis unit,
¢ontn)l system with two infrared used _nly wilco more than three

: l_.arlhsensors, two star sensors, cosmonauts reside on Mir (i,e., • Small atrlock permits the ct_smo-

three star trackers (two of which when a guest crew visits), nauts to change film in the Glazer
L were added in January 1990), sun Operational experience indicates telescope from inside Kvant,

sensors, and an optical sight, that up to five cusmonauts can * Astronomical instruments can
• EVAs in 1991.1992 installed the rely on the renewable system, only he aimed by orientinl_ the

." 14.5-m tall $ofora girder, then . Scientific gear (8(R)kg) includes entire Mir complex,
, , toppeditwiththe700-kg VDU theRoentgenX-raytelescope * Delivered2500kg ofcargo,

thrusterunit,improvingMir's suite(fourinstruments)andthe includinga22 m2solararra_/for

', attitudecontrolcapability.Thc Gl_ar ultraviolettelescope.Thcy attachmenttoafixtureatopthe

VDU islinkedtoKvantby weredevelopedincooperation Mirbaseblock.

• controlcables,butrelicson an withtheNetherlands,theU.K., • EquippcdwiththeSoforabeam in
. internal prop_llai_t supply. ESA, and Germany. The Roent- 1991, to which the VDU thruster

• Eicktron electrolytic oxygen gen suite comprises the Dutch/ package was attached in 1992.
production unit, British "I_M wide-angle camera The system is designed to

'' with coded-aperture mask, ESA's enhance Mir attitude control.

/: 3.6 Kvant 2

"-- Mir module_augmentation of base
block's capabilities, EVA airlock

_- November 26, 1989-present
i,

._" 3.6.1 Kvant 2 Specifications

: Launch weight .......................................... 19,565 kg
• : Length ....................................................... 13.73 m

Diameter ................................................... 4.35 m

._.,_ . ' Habitablevolume.....................................61.3m -_

• Span across solar arrays ........................... 24 m
Solar array capacity .................................. -7 kW
Anticipated lifetime at launch .................. 3 yr
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., 3.6.2 Kvant 2 Notable • Delivered the Soviet "flying sprayer. A "gas-liquid separator"

: Features armchair" manned maneuvering siphons used shower water to a
; unit (Rustdan acronym YMK) and regenerator, which processes the
• advanced new Orlan-DMA F.VA water for reuse (the latter is pan

• Relcrred to as D-module suits, of the dehumidifier system which

, (DushmL_hchcniye module) or * Lyappa arm (figu;e 3-10) attached recycles water from the air). in
:_ - augmentation module prior to to a lixture in the Mir base practice this system has not

launch (figure 3-9). block's multiport docking node worked as well as hoped. Water
• First module to he put in _}laceat and pivoted Kvant 2 from the adheres to the user and the sides

! " one of the Mir base block's hmr front longitudinal port to its of the cabinet, making drying and
lateral ports, assigned lateral port (figure 3. II). cleanup difficult.

• Three compartments, including Kristall, Priroda, and Spektr also • Rodnik ("spring") water system
specialized EVA airlock comparto carry the Lyappa arm. launched with 3OOliters/420 klzof

ment, central instrument and • Delivered the Salyut 5B corn- water in external tanks.
cargo compartment, and instru, purer, which was designcd to take • Launched with other cargo,
ment and cxperimcnt comport- over from the Argon 16B corn- inclufiing 600 kg of propellant,
ment. purer in the Mir base block. 285 kg of food; 28 kg of air, and

• Central instrument and cargo Salyut 5B is faster and has more 2OOkg of experimental equip-
compartmentcanbescaledand memory thantheoldercomputer, mont.

dcpressurized, serving as either an and thus is more capable of • Scientific equipment includes the
airiock compartment extension or managing the expanding Mir Priroda 5 high-resolution camera,
a backup to the EVA airlock complex. MKF-6MA muitispectral Earth

• compartment. * System for regenerating water resources camera, MKS-M2 d

• Solar arraysof a design similar to from urine. The water prefaced optical spectrometer on the
those on the Mir base block, is electrolyzed to produce oxygen ASPG-M platform, ITS-7D

• I-m EVA hatch, first Soviet in an Elektron system similar to infrared spectrometer on the

spacecraft hatch designed to open the one on Kvant. ASPG-M platform, ARIS X-ray ' :
." outward. * Shower cabinet for personal sensor on the ASPG-M platform, _'_

• Kurs rendezvous and docking hygiene, a metal compartment Inkubator-2 unit for hatching and _
system for docking with Mir's through which warm air circu- raising Japanese quail, VEP-3 and
front port. lates. Wateris supplied through a VEP-4 panels for monitoring / /

,i

" !t

o

I

;._ Figure3-9, Kvent2 module, Kvant2 housesan EVA8irlock(hatchvisibleat left).
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conditions outside Mir, and
Voina 2 fluid flow experiment,

• The Cz¢choslovak-hutlt ASPG-M

independent (stabilized) instru-.
ment I)latform attached to airlack

compartment hull can he operated
from Eaxthwithoutdisturbingthe

. ct_smonauts. The ITSo71} inlTared
spectrometer, MKS. M2 multi°

spectral spectrometer, and ARIS
X-ray sensor arc all mounted on , J

. the platform, which resembles _ _: _

those carried by the two Vega
(Venus-llalley's Comet) probes in
1985-1986, It launched with

: three television cameras and had
room for two more.

. _ • Six additionalgyrodynesand32 Figure3-10, Lyappaarm. Modulesfor Mir's latAralportsfirst
attitudecontrolthrustersto dockat the front longitudinalport. Each modulecarriesa

" augmentMir baseblock-Kvant Lyappaarm (top),whichattachesto a socket(bottom)onthe
outsideof the Mir multlportnode. The arm thenpivotsthe

attitudecontrolcapability, moduleto the properlateralberthingport,

1

/

/

,I

,i

!

I

Figure3-11. RepoaltlonlngKvantmoduleusingLyappaarm.
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..,_J

Figure3-12. Krtstallmodule, KristalljoinedMir in 1990. It carriestwoAPAS-SYdocking
units(loft),

I I I I I

:. 3.7 Kristall

Mir modulemShuttle docking,materials processing, and Earth

., observation

o' May 31, 1990-present

t
3.7.1 Kristall Specifications

di ,

,,,:'4. Launchweight..........................................19,640kg _'

Length ....................................................... 13.73 m li
: Diameter ................................................... 4.35 m :

Habitable volume ..................................... 60.8 m_r "

' " Span across solar arrays ........................... about 36 m (maximum)

h

3.7.2 Kristall Notable
Features

• Kristali (figure 3-12) referred to ,_:
: as the T-module (Teknoiogia I_

'" __ module) or Kvar,t3 prior to 4,•,;' launch.

• At aft end is a node with two |

: ports, each fitted with APAS-89

i' " androgynous docking apparatu,_
_:._ (figure 3- 13). APAS-89 is similar

Io the APAS-75 docking unil (._e

• _ section ! .9.2) joinll)' developed
' / by the U.S. and Snviet Union for

ASTP (1975},The chicr differ-
encei_,APAS-8g'_ inward-facinlz

:-- spade-_hapcdl_uide',. The Izuides
. wereturned inward to be plact.,d

Figure 3-13. APAS-89sndrogynousch_kin9 unit. outside the pressurizedtunnelI II I

!.
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i

: linking the two spacecraft 3.8 SplICIJ TUgS to this suggestion. "lbgether the
• electrical and fluid connections module and FSM formed an inte-

, _ running through the docking grated spacecraft, with navigation
collar. Conversely, this placed data from antennas at Kvant's front

mcchanicai systems located 3.8.1 Kvant Functional fed to the attitude control system in
outside the collar on the APAS-75 Service Module (1987-1988) the FSM. The first attempt to dock
inside the APAS-89 collar. Kvant failed; the second was

• APAS-89 was tested in space by Probably the "purest" space tug of successful, but only after an EVA to
the Soyuz-TM 16 spacecraft, the Soviet/Russian program was the remove a foreign object from the

: which docked at the lateral APAS- Kvant Functional Service Module docking mechanism. The Kvant

L 89 Kristall port in 1993. Origi- (FSM) (figure 3-14). The FSM was FSM undocked from the Kvant aft
i _ nally built for a Soyuz-class a stripped-down FGB. Presumably it port on April 13, and boosted to a
/ vehicle as part of the Mir-2 space was thus launched "tail-up" like the storage orbit with a mean altitude

station program, a modified TKS spacecraft, an idea supported by only 41 km higher than that of Mir.
- version was prepared for Buran the streamlined structure covering The FSM underwent uncontrolled
• shuttle/Mir dockings, but never the FSM's aft, where the Merkur reentry on August 25, 1988.

used in that capacity. It is capsule would be located on a TKS.
expected to be used in further It was launched docked with Kvant's

i modified form by U.S. Shuttle: aft porton March 31, 1987. This
. Orbiters beginning in 1995. would have placed the Kvant module

Atlantis will use one of these to with the probe docking unit meant to
dock with Mir for the first time on attach it to Mir pointed downwards )
the STS-71 mission in I .,5. at launch, against the top of the

' Seven U.S. Shuttle visits to this Proton booster. Kornilov's article

port are planned through 1997. t6 about the Polyus spacecraft (sec
" .. • Materials processing furnaces below) contains information on

(Krater 5, Optizon 1, Zone 2, and Polyus' design wNeh adds credence
. _ Zona 3) and bioteehnoiogy

:,i experiment apparatus (Ainur _/
, _ eleetrophoresis unit) weighing

: 500 kg, which are capable of l't
: : generating i00 kg of material per
i _ year for industrial use on Earth. /

a.

• Priroda 5 Earth resources cameras |i
in the docking node.

• Svet "hothouse" for growing
!:=_ radishes and leaf lettuce.

i . i * Folding "collapsible" solar arrays
: weighing 500 kg. The arrays are i',

i_: ,: designed to be transferred to the

! ._,. Kvant module, where they will be
' shaded less frequently.

[_:• • Six gyrodynes for attitude control, i

.... Glazer 2 ultraviolet telescope,
augmenting the Glazer ultraviolet

....: telescope on Kvant (together the
two instruments swept areas of
the sky 9(}° apart); Mariya
magnetic spectrometer; Marina
gamma ray tele.s_ope; Buket
gamma spectrometer; and Granat
astrophysical spectrometer. Figure3-14. grant and FSM. The streamlinedfairingcovering

the eft endof the FSM (right)pointedupwardsat liftoff,and
formedthe noseof the launchstack,

- i
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....... 3,8.2 Polyus Service Module Polyus electronic systems unable

..... (1987) to withstand hard vacuum were
:'---:i'.:" placed in the FGB's pressurized
i_'.,:_. compartment.

• In July-August 1992, Yu. E
Kornilov, chief lead designer at • Propulsion system had 4 sustainer

:;- '. Salyut Design Bureau, described in engipes, 20 attitude control
• an article the Polyus spacecraft thrusters, and 16 vernier engines.

'"i'i:_ (figure 3-15),17 Polyus ("pole of the • Approximate weight: 20,000 kg.

•'" Earth") was the payload of the first • To meet deadline imposed on
• :' Energia rocket flight (May 15, 1987) Polyus development, the FGB

•. :_ (figure 3-16). In July 1985, the used was one which had exceeded

• ,:" Ministry of General Machine its planned "shelf-life."
_,.. ,. Building ordered the Salyut Design

' ' Bureau to create a new spacecraft for
'- ( the first Energia test flight, then According to Komilov, Polyus had

:"": scheduled for autumn 1986. The the following mission objectives:L,

short lead time forced novel ap- • Test feasibility of launching

i : _' . preaches to management and heavy (100-ton) side-mounted
construction. Existing hardware, (asymmetrically positioned)

• c3c_c_c_c_c_ including systems developed for the payloads on the Energia rocket
_{_'_ Bursa shuttle program, was used such as would be used in planned

• '": whenever possible. The final advanced space station programs
I11IIIIIIII[Ill configuration had the following (primary objective).

" [fl_ _ _ _ _ _ attributes: • Test future systems, including a
• _ ° Length: 37 m. docking system. The docking

_" I\ approach radio and optical a° Diameter: 4.1 m.
,. _ systems would be tested using ,

-'" • Approximate weight: 80,000 kg. reflectors--small inflatable '<

:__ . , • Two modules: a small operations/ spheres and angled reflectors
:, service module and a large released from "side units" located /'

:_, .....:.' special-purpose module, on either side of the front of the

• ° Nose fairing made of"carbon- Polyus spacecraft. The stream- / J.
-". " filled plastic." This was the first lined "side units" were sometimes |

_ nonmetallic fairing used in the mistaken for orbit insertion
i Soviet space program, engines in early Western analyses.

.:. • Used Bursa ground support • Study interaction of gas and
equipment; also originally plasma produced by Polyus with

designed for Bursa were the natural ionospheric plasma. I

supports linking Polyus to Polyus contained 420 kg of xenon i
_. Energia and the system for and krypton in 42 tanks, each "

separating Polyus from Energia. with a capacity of 36 liters.

Polyus was launched backwards,
:::'1 The new spacecraft's operations/ with its engines pointing upward andservice module was based on an

Figure3-15. Polyuscutaway, its front endpointeddown, toward
._ Displaysthe FGB-based FGB with the following attributes: the Energialaunchpad's flame pit.

service/propulsionmodule. • Containedall Polyusattitude This configurationwasdictatedby
Note that, like other FGB- control and inmrnal systems the FGB heritage of its aft-mounted

: basedvehicles,it launched controlequipment,the telemetry operations/servicemodule. The
, aft end up. This places system, the power supply system FGB-based module was launched

Polyus'frontend at the
bottom. Thestreamlined (twin solararrays,ason theTKS with its broadfront enddown, andits
projections on Polyus' sides vehicle), the fairing jettison engines pointed up, just as it would
were dispensersfor system, antennas, andthe scien- have been had it been launched atop

: experimentaltrackingtargets, titic experiment control systems, a Proton. When the FGB was part
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the TKS, this arrangement put the

• Merkur capsule at the top of tile /_/_P--"_ \
. Proton booster stack, where it could

• easily be plucked free of the hoosier
_- : by the launch escape system.

According to Kornilov, this unortho-
dox configuration proved to be
Polyus' undoing. After separating
from Energia's second stage, Polyus
had to flip !80° in order to use its

, service module engines to complete

" orbitalinsertion. An attitude control IIII!IIIIIIIIHsystem failure caused Polyus to

tumble endoverend. When the _ Ill
service module engines fired for the Illll

first of two planned orbit insertion ^ III
burns, they could not boost Polyus -" " _ N--,
into orbit. The spacecraft, probably "%1

the heaviest Soviet payload ever, _' _

-iOcean within minutes of its launch. 0"_"

oo....2_

/
: \y,

' J_ )i- i

i ,

!_ _, ..1 /
k

/
= J

• _ ,,_

"k - _,

, !
,, I

I

_ •..... I_!

_ kkLJ_ I_
_ )k _; ....

ii
Figure 3-16. Polyus satellite on Energia launch vehicle.

169

:: q

00000002-TSG04



t

Mir Hardware Heritage

3.9 Referencesfor 9. DmitriPayson, *'Life:We'll
Psrt 3 Build a Space Station for aPiece of Bread," Rossiyskiye

- Vesti, June I, 1993, p. 8.
1. Krunichev State Research and Translated in JPRS Report,

Production Space Center, Space Science & Technology, Central
Station Program, Space Tug Eurasia: Space, June 28, 1993
Salyut, Logistics Vehicle Power (JPRS-USP-93-003), p. 13.

Block (Reboost Vehicle), 10. P.N. Polezhayev ,and V. P.
Utilizing FGB Universal Block Poluektov, "The Space Pro-
Salyut and Launch Vehicle gram: Space-based Gamma

: Proton, August 24, 1993, p. 9, Observatory," Zemlya i
, 11-14. Vselennaya, No. 3, May-June

., 2. B.J. Bluth, Principal Investiga- 1991, pp. 2-9. Translated in
" tor, and Dennis Fielder, Editor, JPRS Report, Science &

" Soviet Space Stations as Technology, Central Eurasia:
• Analogs, Voi. 2, 3rd edition, Space, January 27, 1992 OPRS-

September 1993, p. I-118-1. USP-92-001 ), pp. 2-3.

_ 3. Kruniehev, p. 9. 1I. Nicholas Johnson, personal
,,, communication.

4. Chester A. Vaughan, FGB
i

Salyut Energy Block Propulsion 12. Boris Petrov, "Russia's Space
. :' System, NASA JSC internal Future," Spaceflight, No. 11,

document, October 13, 1993, November 1974, p. 402. j

:. p. 1. 13. Y.P. Kornilov, "Space Program:

ii', 5. I.B. Afanasyev, "Unknown The Little-Known Polyus,"
, Spacecraft (From the History of Zemlya i Vselennaya, No. 4,

the Soviet Space Program)," July-August, 1992, pp. 18-23.
,: What's New in Life, Science, Translated in JPRS Report,

and Technology: Space Pro- Science & Technology, Central
: ,' gram and Astronomy Series, Eurasia: Space, Match 25,

_ No. 12, December 1991. 1993 (JPRS-USP-93-001), /

' Translated in JPRS Report, pp. 23-24. t
Science and Technology, t
Central Eurasia: Space (JPRS- !4. Nicholas Johnson, personal, communication.

i USP-92-003), May 27, 1992,

pp. 18-19. 15. Nicholas Johnson, Soviet Year
in Space: 1989, Teledyne

6. Neville Kidger, "Almaz: A Brown Engineering, 1990,
Diamond Out of Darkness,"

• Spaceflight, Match 1994, pp. p. !03.
86-87. 16. Interview, David S. E Portree

with John P. McManamen,

7. Yuliya Bogatikova, "Details for November 21, 1994. i:
POISK: Phobos, Proton,
Drnzhok, and Others," Poisk, 17. Kornilov, pp. 21-30.

• No. 22, Match 23-29, 1992.

Translated in JPRS Report,
Science & Technolog); Central

Eurasia: Space, August 21,
1992 (JPRS-USP-92-005),

p. 59.

8. Nicholas Johnson, personal
_ communication.

170

00000002-TSG05
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Part 4 Thischronologyisinc,udedtoser_c
as a reference for the main body of

Comnarative this work, permitting the reader to
&

place hardware evolution in histori-

_-"t.:nronologyof U.S. caiconte_t_:orbrev.y'ss_k_.the
chronology is incomplete up to 1970.

and Soviet/Russian soviet missions are set apartby bold

• Manned dates and names. Joint U.S.-Soviet/Russian missions are italicized.

• Spaceflight

. 1 961 April 12 Vostok l--Yuri Gagarin completes one orbit of the Eatah in 108 rain. First
manned spaceflight.

_i"._ May 5 Mercury-Redstone 3 (Freedom 7)--Alan Shepard completes a 297-mile
suborbital flight lasting 14 min.

1 962 February 20 Mercury-Atlas 6 (Friendship 7)oJohn Glenn becomes the first American to
• orbit Earth. ._

i . :. " 1963 June 14-19 Vostok $--Valeri Bykovsld spends nearly 5 days in space. This remains a
:. record far the longest single-person flight. During his flight, Valentina

Tereshkova, the first woman in space, passes within 10 km in Vostok 6. This is
:_ not an active rendezvous--close approach occurs because Vostok 6 was

_ launched into an orbit which closely matched that of Vostok 5. _

1964 October 12-13 Voskhod l_Viadimir Komarov, Konstantin Feoktistov, and Boris Yegerov
make up the crew of the first spacecraft capable of carrying more than one .

• person. Voskhod 1 is a modified Vostok spacecraft. /

i: i

i- ,, 1 06§ March 18-19 Voskhod 2--Pavel Belyayev and Alexei Leonov spend 26 hr in orbit aboa,'d a
. _ modified Vostok. Leonov conducts humanity's first EVA. EVA durations24

min.
k_

, . March 23 Gemini 3oVirgil Grissom and John Young complete three orbits. Gemini is
the first manned spacecraft capable of orbit changes.

December 4- !8 Gemini 7_Frank Borman and James Lovell spend nearly !4 days (longer than
typical lunar mission duration) orbiting the Earth. Walter Schirra and Thomas

, Stafford ride Gemini 6 into orbit on December 15. Gemini 6 and Gemini 7
achieve the first active rendezvous between manned spacecraft, coming to
within 30 cm of each other.

1966 March 16 Gemini 8--Neii Armstrong and David Scott dock with an unmanned Agena
: target vehicle. This is the first docking between vehicles in orbit. Shonly after

docking, a stuck thruster on Gemini 8 forces an emergency splashdown.

November 28-30 Cosmos 133--Unmanned first test of Original Soyuz.
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December Launch failure--A Soyuz launch vehicle carrying an unreturned Original
Soyuz expkales, destroying its launch pad. The Soyuz orbital and descent

.... modules are dragged to safety by the launch escape system.

1 967 January 27 AS-204---Firc aboard the first Apollo CSM spacecraft scheduled for manned
flight kills Virgil Grissom, Edward White, and Roger Chaffce during a
rehearsal on the launch pad.

February 7.9 Cosmos 140--Unmanned Original Soyuz test.

,, ; March 10-18 Cosmos 146--Unmanned first flight of a simplified L I (Zond). The flight is
._. - primarily intended to test the Block D fourth stage of the Proton. The Block D

. restarts twice.

April 8-10 Cosmos l$4----Unmanned LI test. It fails to test the high-velocity reentry
::__ characteristics of the LI because the Block D fourth stage fails to restart.

' April 23-24 Soyuz 1--At the end of a trouble-plagued flight, Vladimir Komarov dies when
his descent module parachute system fails.

September 28 Launch failure--An LI ejects from its four-stage Proton launch vehicle when [
r one of the six engines in the rocket's first stage fails to operate. The launch ]

escape system rescues the descent module.

October 27- Cosmos 186 and Cosmos 188 are unmanned Soyuz spacecraft. They carry out
: _ ' November 2 the first automatic docking on October 30.

l'

'" November 9 Apollo 4--First flight of the Saturn V booster. It carries no crew. NASA Ik
: declares the flight a complete success. _[

/

, November 22 Launch failure--An LI ejects when the second stage of its Proton rocket /

fails. !
° 'i 968 January 22 Apollo 5--An uprated Saturn I rocket launches the first Apollo lunar module

_,_, (LM) on a successful unmanned test flight.

March 2-9 gond 4 reaches an apogee of 400,000 km, but is lost.
i

: " April 4 Apollo 6--Second unmanned test of the Saturn V rocket. The second stage
i shuts down prematurely after undergoing excessive vibration. The third stage

refuses to restart once in orbit. Portions of the shroud linking the Apollo CSM
" and the third stage rip loose during ascent. I

! -

April 14-20 Cosmos 212 madCosmos 213 are unmanned Soyuz craft. They dock on April
15.

April 23 Launch failure_An Li escape system triggers inadvertently during second
-- stage operation of its Proton rocket.

August 28- Cmmm 238 is a successful unmanned Original Soyuz test.
September I
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September 14-21 Zond $ ends its unmanned circumlunar flight by making an unplanned
splashdown in the Indian Ocean.

October 11-22 Apollo 7--Wally Schirra, Donn Eisele, and Waiter Cunningham are the first
astronauts to fly in an Apollo spacecraft. They spend nearly I I days in Earth
orbit testing the Apollo CSM.

- October 25-30 Soyuz 2 and Soyuz 3--Georgi Bercgevoi, in Soyuz 3, twice approaches the
unmanned Soyuz 2 spacecraft, but is unable to dock.

', November 10-17 Zond 6 flies around the Moon. It crashes after reentry, but its film cassettes
arc recovered.

December 21-27 Apollo 8--Frank Borman, James Loveil, and William Anders complete ten
lunar orbits. It is the first manned flight of a Saturn V rocket.

1 969 January 14-18 Soyuz 4 and Soyuz $ perform the first docking between two manned
spacecraft. Alexei Yeliseyev and Yevgeny Khrunov conduct a spacewalk !

:: between the docked craft, leaving Boris Volynov at the controls of Soyuz 5.
Vladimir Shatalov welcomes them aboard Soyuz 4. The spacecraft then return
separately to the Soviet Union.

January 20 Launch failure--A four-stage Proton launch vehicle malfunctions. Its LI /

. payload ejects.

i,

February 20 N-1 test--The first test of the Soviet equivalent of the Saturn V ends in an
, explosion 70 sec after launch. Its simplified LI payload ejects and is recov-

_ -: ered downrange (figure 4-1). _¢

, March 3-13 Apollo 9--David Scott, James McDivitt, and Russell Schweickan test the LM /
: Spider in Earth orbit. First manned flight of the LM. .

O,

, July 3 An N-1 test ends as the rocket falls on its launch pad, destroying its launch t.: complex.

, ,j.

" July 16-24 Apollo 1l_Neil Armstrong and Edwin Aidrin become the first humans on the "
, Moon. LM Eagle lands on July 20. Michael Collins remains in orbit aboard

the CSM Columbia.

i_ _. August 7-14 Zond 7 carries out an unmanned circumlunar flight. It is the most successful
_-_ of the L! missions.

I

i October 11-18 Soytm 6, Soyuz 7, and Soytm 8---Soyuz 6 tests space station-related hardware, i
Soyuz 7 and 8 rendezvous, but do not dock. The crew of Soyuz 6 is Oeorgi
Shonin and ValeriKubasov; Soyuz 7, Anatoli Filipehenk(_, Viktor Gorbatko,
and Vladislav Volkov; and Soyuz 8, Vladimir Shatalov and Alexei Yeliseyev.

November 14.24 Apollo 12_LM Intrepid lands on Oceanus Proccllarum on November 19.
intrepid's crew is Pete Conrad and Alan Bean. P.ichard Gordon remains in
lunar orbit in Yankee Clipper.

1970 April 1I-17 Apollo 13--CSM Odv._sev is disabled by an onboatd explosion, scrubbing the
third U.S. lunar landing attempt. Aquariu._, the I.M, serves as a lifeboat for
James Lovell, Fred Haise, and Jack Swilgcrt.
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Figure4-1. SaturnV (left) and N-1 (L_rawnto scale),
,, MannedMoonrockets,

i
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,. ! June 1-19 Soyuz 9 orbits Earth for 17 days, 17 hr, the longest nlanned spaceflight up to
this time. Andrian Nikolaycv and Vitali Sevastyanov test space station
equipment, observe Earth, and carry out medical tests related to iong-duratit,.

• spaceflight.

!

October 20-27 Zond 8 conducts an unmanned circumlunar flight. This is the last 1.I mission.

November 24 Cosmos 379 launch--First unmanned test of the T2K version of the 1,3
manned lunar landerin Earth orbit (fi_,_rc4-2).

1971 January31- Apollo14--LM AntareslandsatFraMauroon February5.AlanShepardand
- Fcbruary 9 Edward Mitchell walk on the Moon and Stuart Roosa rcmains in lunar orbit

aboard the CSM Kitty Hawk.

-:. February 26 Cosmos 398 launch--Unmanncd test in orbit of the T2K version of the Soviet
L3 manned lunar lander. It maneuvered under remote control until March 3.

.. April 19 Salyut I/DOS.I launch on a three-stage Proton. First space station.

' '" April 22.24 Soyuz 10--Vladimir Shatalov, Alexei Yeliseyev, and Nikolai Rukavishnikov
are unable to enter Salyut 1.

Y _ June 6-29 Soyuz ll---Cosmonauts Georgi Dobrovolski, Viktor Patseyev, and Vladislav
Volkov set a new space endurance record by spending 22 days aboard Saiyut 1,

- the longest stay by humans in space up to this time. During reentry the air
_': escapes from their descent module. They do not wear pressure suits, so they
i; are killed, l

:; _ June 27 N-I test--The rocketundergoesstructuralfailure. L2 (first launched)(figure
• 4-3) andL3 testarticlescrashnear thepad,andthe rocketimpactsdownrange. _;

/
/

c

i: r ,I

. -- N__/--:// |

,i

.... Figure 4-2. L3 (left) end Apollo LM(drawnto scelo). Manned Moon landem.
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July 26- Apollo 15.---LM Falcon lands at Hadley Rille ,,n July 30. David Sc,,l! and
August 7 James Irwin cl_ver 27 km an their lunar raving vehicle (I.RV), Alfred Warden

orbits the M()an 74 times in the CSM Etldeawn.',

A_gust 12 Co_mos 434--This is the last of UIreesuccessful umnanncd les;s of the T2K
versiun of tile L3 lunar lander in F.arlhorbit,

1972 April 16-27 Apollo 16--LM Ort.t, lands at l)cscartes on April 20, John Young and
- Charles Duke drive an LRV t)n the surface while Kenneth Mattingly orhils the

r Moan in CSM C.,_'per,

June 26-July 2 Cosmos 496 is an unmanned te,_tof tl_eSoyuz space station ferry,

July 29 Salyut launch failure_The second DOS-type space station fails to reach
': orbit.

•" p
o

: 1
e

t

,i

! "

Figure4-3. ApolloCSM (top)and L2 (drawnto scale),
Commandshipsfor the Moonvoyage.

I _.l J II II I
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November 23 N-I te_t ends in a fir,ststage explositm at 40 km altitude. Tile descent and
orbital modules vf thv L2 ate plucked free _)fthe rocket hy the launch e,scapc
system. This is the ihurUiand final N- I test,

l)eccml_er7_19 Ap_dh_17- -LM ¢_.'ludlenllcrsets-clwn at 'lburus_l.iUrt_won Dccemher i I,
: l larris(m Sehniilt and I_t'gene Ceman are tile hlst in¢ll ¢)flthe Me)tin, RtDilald

l'-'wmsremains in Iile CSM/merit. ioj_rhil. This is tile lasthuman flight
beyond hJw I.:arthorhit and tt_e last flight t)f the successful I.M spacc_:rat't.

' 10"_'3 April 3-May 28 Halyut 2/Almaz 1 launch-]"irst t)['the priinarily military Almaz-tylx, Salyuts.
; Salyut 2 hreaks up soon after reaching orhiI.

May 11-22 Cosmos $e,7/D()S.3 launch--Fails shortly after reaching orbit.

,, May 14 Skylab |--The first U.S. space station is damaged during launch atop the last
Saturn V to fly,

May 25-June 22 Skylab 2--Pete Conrad, Joseph Kerwin, and Paul Weitz travel to the $kylab !
station aboard their Skylab 2 Apollu CSM. They spend pan of their 28 days in

: orbit repairing the station, yet still manage to complete their experimental
program.

June 15-17 Cosmos 573 is an unmanned test of the Soyuz Ferry,

July 28- Skylab 3--Alan Bean, Jack Lousma, and Owen Gan'iott spend 56 days in the a
• ' September 25 Skylab Orbital Workshop,

,, September 27-29 Soyuz 12--Vasili Lazarev and Oieg Makarov conduct the first manned-tost-of--
• the Soyuz Ferry.

November 16- Skylab 4--Gerald Carr, Edward Gibson, and William Pogue ate the last U.S t
.... February 8, 1974 crew to date to live aboard a space station. This is the longest U.S. space |

,.. mission to date (84 days).

l

November 30- Cosmos 613 is an unmanned test of the Soyuz Ferry vehicle in long-duration
January 29, 1974 orbital storage.

December 18-26 Soyuz 13--Valentin Lebedev and Pyotr Kiimuk use the Soyuz orbital module :]
as a laboratory for conducting experimcnts of the kind planned for future space
stations.

/ 1974 April 3-13 Cosmos 638 is the first unmanncd test of the Soyuz modified for ASTE Thc i
spacecraft carries the APAS-75 androgynous docking system.

• 4, June 24 Salyut 3/Almaz 2 launch.

,, July 3-19 Soyuz 14--Pavel Pop_)vich and YuriArtyukhin live aboard the Salyut 3 station
for 16days.

August 12-18 Cosmos 672 is the second unmanned test of the ASTP Soyuz.

August 26.28 Soyuz l$---Gennadi Sarafanov and Lcv Detain fail to dock with Salyut 3.
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September 23 Salyut 31AImaz 2 capaule reenler_, i_ recovered. The station reenters on
January 24. 1975

December 2-8 Soyuz 16 --Anatoli Fi_il)chcnkoandNik4)luiRukavislmikov tc._tthe ASTP
Soyuz,

December 26 Salyut 4/I)OS-4 launch.

1975 January lO-
February 9 _oyuz 17, Alcxei Guharcv and (icorgi Grcchko live abomd Salyut 4,

,f

• April $ "The April 5 Anomaly" is the Soviet name fiw the only suhorbilal manned
... llight of the Soviet spaceprogram, A problem developsin the boosterc_ryin8

the Soyuz 18a (Westcrn designatiun) spacecraft, ncccssitating an abort latc in
the ascent phase of the mission. Vasili L_atcv and Olcg Makarov lmzdunhurt

_; 1800 km cast of the Baikonur Cosmodrome,

i :
-- May 2A.July 26 Soyuz l&--Pyotr Klimuk and Vitali Scvastyanov live for 62 days aboard

:, Salyut 4, Called Soyuz i 8b in the West,

.,o

...., , July 15-July 24 Apollo Soyuz Test Project (ASTP)--Alexei Leonov and Valeri Kubasot: aboard
Soyuz 19, dock in low Earth orbit with the last U.S. Apollo CSM. Soyuz 19

• lands on July 21. Tom Stafford, Vance Brand, and Donald Siayton are the last
,: : U.S. astronauts in spat, :ntil 1981.

, November 1% Soyuz 20-Unmanned Progress-related test. Docks with Salyut 4.
February 16, 1976 _,

• 1976 June 22 Salyut 51AIsnaz 3 launch.
/

'. July 6-August 24 Soyuz 21_Boris Volynov and Vitali Zholobov spend 49 days on Salyut 5. [

6
._ September 15-23 Soyuz 22---Valeri Bykovskii and Vladimir Aksyonov conduct an Earth

.- observation mission using the backup ASTP Soyuz.

i_' ' October 14-16 Soyuz 23---Vyacheslav gudov and Valeri Rozhdestvcnski are unable to dock
..... with Salyut 5.

--i :??

_ _: November 29- Cosmos 869--Unmanned test of Soyuz-T.
December 17

I

December 15 Cosmos 881 and Cosmos U2 are twoTransportLogistics Spacecraft (TKS) i
" capsules (Merkur capsules) launched atop a Proton rocket. They reenter and ,
_- arerecovered the same day.

L ..........

1977 February 7-25 Soyuz 24--Viktor Gorbatko and YuriGlazkov are the last crew to stay aboard
Salyut 5.

".... FebrumT 2.6 Salyut $ capsule reentera--Thc last Alm_z Salyut station reenters onAugust
, 8,t977.
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,July17- Coamo_929 is tile first flight of aTKS. It is put throughunmannedmaneuver-
February 2, IdY/8 ing andpropulsionsystemtests.The Merkur capsule lands in the Soviet [Jnion

after am(mt!=ill orbit. 1'heI:GB is guidedto destructivereentryon I:ehruary2,
1978.

August 4 l,aunch failure d_tr,)ys one Mcrkur capsule(th= lower one) ,)f a Proton-
laun_:hcddual Merkur capsuletest. Till.' tcq)capsuleis plu_kcd free by the
launche._:_jx__yslell|.

_: September 29 Salyut 6/1)O_.5 launch,

October 9. I i Soyuz 25-.--VladimirKovalyonok andValeri Ryumin are unabl_io harddock
• with the front ponl of Salyut 0.

l)ecemher 10 Soyuz 26 .YuriRomanenkoandGcor_i Grcchko dock_t the rearport ot'
: Salyut 6.

197_ January I0 Soyu= 27 launeh_Vladimir Dzhanibekov and Oleg Makarov dock with the
Salyut 6 front port on January I0. They return to E_uth in the Soyuz 26
spacecraft on January lb. ,!

I

!_ January 20. Progress i--The unmanned, So),Jz-based space station logistics support craft
February 8 delivers supplies to Salyut 6. It docks at the aft port on January 22.

:: March 2-10 Soyuz 28--Vladimir Remek (Czreht)slovakia) becomes the first non-U.S.,
non-Soviet space traveler. Retook and Soviet cosmonaut Alex¢i Gubarev visit

_:_- Salyut 6. This is the first flight in the Intercosmos program, whnch involved i'i
joint flights by Soviet coomonauts and guest cosmonauts from countries with

r ties to the U.S.S.R.

March 10 Soyuz 27 reentry--Grechko and Romanenko returnto Earth after 96 days in

astmnautsSpaee'ThiSsincebeatSearlythe84-daY1974.space endurance record held by the U.S. Skylab 4 ["!
March 30 Cosmos 997 and Cosmos 998 are two Merkur capsules launched on a single

three-stage Proton rocket. They reenter and ate recovered the same day.

April 4-15 Cosmos 1001--Unmanned test of Soyuz-T.

June 15 Soyuz 29 launch_Vladimir Kovalyonok and Alexander Ivanchenkov travel to
• Salyut 6,

,july 7- Progress 2.
August 4

June 27-July $ Soyuz 30-_Miroslaw Hernlaszewski (Pohmd) and Pyotr Klimuk visit Salyut 6.

August 7-23 Progress 3.

• August 26 Soyuz 31 launch_Sigmund Jahn (F.astGermany) and Valeri Bykovski visit
Salyut 6. They returnto Earth aboard Soyuz 29 on September 3.

October 3-26 Progre_ 4.
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November 2 Soyuz 31 reentry--Kovalyonok and Ivanchenkov return to Earth after 139
days on Salyut 6.

1979 January 31- Cosmos 1074 is an unmanned long-duration test flight of the Soyuz-T
April 1 spacecraft.

i: February 25 Soyuz 32 launch--Viadimir Lyakhov and Valor[ Ryumin travel to Salyut 6.

:: _ March 12- Progress $.
April $

April 10-12 Soyuz 33--A main engine malfunction forces Nikolai Rukavishnikov and
Georgi Ivanov (Bulgaria) to abortdocking with Saiyut 6.

' May 13-June 9 Progr-_..-os6.

May 22.23 Cosmos ll00-1101--The last dual Merkurcapsule test.

• June 6 Soyuz 34 launch--The spacecraft, which carries no crew, is intended to
replace the aging Soyuz 32 spacecraft. Soyuz 32 undocks unmanned on June
13 and returns 280 kg of experiment results and disused equipment to the

Soviet Union. Ryumin and Lyakhov continue work in orbit.
R

, June 28-July 20 Progress 7.

*

July 11 Skylab reenters over Australia.
/

August 19 Soyuz 34 reentry--Lyakhov and Ryumin return to Earth after 175 days in 1_
space. /

December 16- Soyuz.T 1 docks automatically with Saiyut 6 in the third unmanned test of the 1
; March 25, 1980 new Soyuz derivative. I

1980 Ma,eh 27.April 26 Progress 8.

April 9 Soyuz 35 launeh--Leonid Popov and Vaieri Ryumin (making his second long-
, duration flight in less than a year) lift off for the Salyut 6 station. They dock

,' on April i0. 1

April 27-May 22 Progress 9. i
!

,, May 26 Soyuz 36 launch--This joint Soviet-Hungarian mission marks the resumption
of international flights to Salyut 6 following the Soyuz 33 main engine

-" malfunction. Valet[ Kubasov and Eenalan Farkas (Hungary) return to Earth
aboard Soyuz 35.

June 5.9 Soyuz-T 2--First manned test [light of Soyuz-T. YuriMaiyshev and Viadimir
Aksyonov spend 2 days on Salyul 6 before returning to Earth,

June 29.July 19 Progrt-s_ 10.
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July 23 Soyuz 37 lanneh---Pham Tuan (Vietnam) and Viktor Gorhatko travel to Salyut
6. The cosmonauts returnto the Soviet Union in the Soyuz 36 spacecraft on
July 31.

September 18-26 Soyuz 38-. -Amaldo Tamayo-Mendez (Cuba) and YuriRomanenko visit Salyut 6.

September 28- Progress 1!.
December 11

October 11 Soyuz 37 reentry--Valeri Ryumin and l,eonid Popov returnto Earth after i 85
days in space.

:i
November 27- Soyuz-T 3--Leonid Kizim, Oleg Makarov, and Gennadi Strekalov spend 13
December 10 days refurbishing the aging Salyut 6 station.

: 1981 January 24. Progress 12. Last Progress to visit Salyut 6.
March 20

March 12 Soyuz-T 4 iaunch--Vladimir Kovalyonok and Viktor Savinykh arrive at the
Salyut 6 station.

March 22-30 Soyuz 39mVladimir Dzhanibekov and Judgerdemidiyin Gurragcha
(Mongolia) visit the Salyut 6 station.

J

April 12-14 STS-I--On the first Space Shuttle mission, astronauts John Young and Robert I
Crippen spend 2 days testing Space Shuttle Columbia in orbit. This is the first

_ flight by U.S. astronauts since 1975 (figure 4-4).

April 25 Cosmos 1267, a TKS, is launched from Baikonur Cosmodrome atop a Proton

.. rocket. On May 26 its Merkur capsule separates and lands in the Soviet Union. /

: May 14-22 Soyuz 40--Leonid Popov and Dumitru Prunariu (Romania) fly the last of the /
Soyuz ferries to Salyut 6.

, May 26 Soyuz-T 4 reentrymKovalyonok and Savinykh are the last cosmonauts to
leave Salyut 6.

June 19 The Cosmos 1267 FGB docks with Salyut 6.

• !i
November 12-14 STS-2--Richard Truly and Joe Engle are forced to cut their planned 5-day i

: • Space Shuttle test mission by 3 days because of a fuel cell problem.

!
.... 1982 March 22-30 STS-3--Jack Lousma and Gordon Fullcrton test Columbia.

April 19 Salyut 7 launch atop a three-stage Proton rocket.

May 13 Soyuz-T 5 launeh--Anatoli Berczevoi and Valentin Lebedev become the first
cosmonauts to dock with Salyut 7.

May 23-June 6 Progrea,q 13.
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a Figure4-4. Space ShuttleOrbiterand Soyuz-TM(drawnto scale). Current
spacecraft used by humans to travel in space. '_

• it: June 24.July 2 So_uz-T 6---Jean-Loup Chretien (France), Vladimir Dzhanibekov, and
Alexander Ivanchenkov visit Salyut 7.

!
" June 27-July 4 STS-4-.-Kcn Mattingly and Henry Hartsfield carry out the fourth and last

Space Shuttle test flight.

July 10-August 13 Progress 14.

July 29 The galyut (ffCe_mos 1267 complex deorbits using Cosmos 1267's engines.

August 19 Soyuz-T 7--Leonid Popov, Alexander Serebrov, and Svetlana Savitskaya visit
the Salyut 7 station, They return to Earth in Soyuz To5 on August 27.
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Part 4 Chronology "_

September 18- Progress 15.
October 16

October 31- Progress 16.
December 14

November 11-16 STS-5--Vance Brand, Robert Overmycr, Joseph Allen. and William l.enoir fly
Columbia on the first operational Shuttle mission.

December 10 Soyuz-T 7 reentry--Lebedev and Berezevoi return to Earth alter 211 days in
space.

1 983 March 2- Cosmos 1443, a TKS, reaches orbit atop a three-stage Proton rocket. It docks
September 19 with Salyut 7 on March 10. It undocks on August 14, and its Merkur capsule

lands on August 23. On September 19 the FGB is commanded to a destructive
reentry.

April 4-9 STS-6--Paul Weitz, Karol Bobko, Donald Peterson, and Story Musgrave are
the crew for the first flight of the Space Shuttle Challenger.

April 20-22 Soyuz-T 8--Vladimir Titov, Gennadi Strekalov, and Alexander Serebrov are
unabletodockwithSalyut7.

"" June 18-24 STS-7--Roben Crippen, Frederick Hauck, Sally Ride, John Fabian, and
Norman Thagard are the crew for the second flight of the Space Shuttle
Challenger.

,i I

_ June27 Soyuz-T9launeh--VladimirLyakhovandAlexanderAlexandrovflyto _:
Salyut7.

" August 17- Progress 17. J
September 18 /

August 30- STS-8--Richard Truly, Dan Brandenstein, Dale Gardner, Guion Bluford, and :
September 5 William Thornton ate the crew nf Challenger.

t--

:_.,_ September 26 Pad Abort--Viadimir Titov and Gennadi Strekaiov narrowly escape death
when fire and explosion destroy their booster on the launch pad seconds before .q
planned liftoff. The explosion consumes the launch pad. Soyuz-T 10a (as it is
known in the West) constitutes a Salyut 7 refurbishment mission.

lOctober 20- Progress 18.

November 16

November 23 Soyuz-T 9 reentry--Lyakhov and Alexandrov return to the Soviet Union in
Soyuz-T 9 after spending 149 days in space. .I

¢

November 28- STS-9--John Young. Brewster Shaw. Owen Garriott, Robert Parker, Ulf
December 8 Merbold, and Byrotl I,ichtenbcrg work inside the joint ESA-NASA Spacelab

module in Columbia's caxgo bay. Merbold is a European Space Agency
astronaut from West Germany. During the flight, Columbia overflies Baikonur
Cosmodrome, the Soviet manned spaceflight launch center, permitting Young
to photograph the Energia launch vehicle on its launch pad at Baikonur
Cosmodrome.
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1984 February 3-! ! STS 4|-B--Challenger carries aloft astronauts Vance Brand, Robert Gibsun,
Robert Stewart. Bruce McCmJdless, and Ronaid McNair for the tenlh mission

• of the Shuttle series. On February 7 and February 9. McCandless and Stewart
conduct test flights of the manned manuevering unit (MMU).

February 8 Soyuz-T 10 iauneh--Leonid Kizim, Vladimir Solovyov, and Oleg Atkov lift
off for Salyut 7. This mission is sometimes called Soyuz T- lob in the West.

February 21- Progress 19.
ApHI 1

April 3 Soyuz.T 11 launch--The spacecraft docks at Salyut 7's aft port bearing Yuri
: - Malyshev, Gennadi Strekalov, and Rakesh Sharma (India). They return to

Earth in the Soyuz-T 10 spacecraft on April 11.

" : April 6-13 STS 41-C--Bob Crippen, Dick Scobee, Terry Hart, George Nelson, and James
:,. van tloften reach orbit aboard Challenger. They deploy the Long Duration

Exposure Facility (LDEF), a Salyut-sized passive satellite, and rendezvous
• with and repair the Solar Maximum Mission (Solar Max) satellite.

- - April l$-May 7 Progress 20.

May 7-May 26 Progress 21.
,r

• May 28.July 15 Progress 22.

::. July 17-29 Soyuz-T 12---Vladimir DzhaniLekov, Svetlana Savitskaya, and Igor Volk visit
the Salyut 7 station. Volk is a Soviet space shuttle test pilot. Immediately after
return to Earth, he conducts simulated shuttle landings in a training aircraft.

_' August 14- Progress 23. /
_ Au,,nmt 28

August 30- STS 41-D--Henry Hartsfield, Michael Coats. Judith Resnik, Richard Muilan¢,
, September 5 Steven Hawley, and Charles Walker are the crew of the Space Shuttle Discov-

ery on its malden flight. They deploy a prototype space station soht array.

• October 2 Soyuz-T 11 reentry--Kizim, Solovyov, and Alkov return to Earth after 237
days in space.

_ _ October 5-13 STS 41-G--Robert Crippen, Jon McBride, Sally Ride, Kathryn Sullivan,
David Leestma, Marc Garneau, and Paul Scully-Power are Challenger's seven

• crew members.

• November 8-16 STS 51-A--Rick Hanck, _'_vid Walker, Joe Allen, Anna Fisher, and Dale
i Gardner ride Discovery, They recover two satellites launched on STS 41-B for

resale.

' 1985 ,lan)).;u'y24-27 STS 5 I-C is the first U.S. Department of Defense-dedicated Space Shuttle
flight. Discovery's crew is Thomas Mattingly, Loren Shriver, Ellison Onizuka,

i James Buchli, and Gary Payton.
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' March 2 Salyut 7 career declared ended--The Soviets announce unexpectedly that the
station is no kruger to be staffed. They lost coat,tot with the station in early
February. ,By.the end of March they change their minds and decide to attempt
a repair m_ssmn.

April 12-19 STS 51 -D--Karnl Bobko, Don Williams, Rhea Seddon, David Griggs, Jeff
Hoffman, Charles Walker, and .lake Garn arc the crew of Discovery.

April 29-May 6 STS 51-B--Robert Overmycr, Frederick Gregory, Don Lind, Norman Thagard,
William Thornton, Taylor Wang, and Lodewijk van den Berg fly Challenger on

., the STS 51-B mission. Spacelab 3 is the primary payload.

= June 6 Soyuz-T 13 launch and Salyut 7 rescue--Vladimir Dzhanibekov and Viktor
: Savinykh lift off for Salyut 7. They dock June 8. Salyut 7 is rolling, with its

•" solar arrays pointing at random. The interior of the station is covered with
': frost. All of its batteries ate depleted, and two are ruined. The cosmonauts

determine that a sun sensor failure prevented Salyut 7 from recharging its
• batteries. They restore power, thaw out the station, and find that the attitude

control system is still functional. This permits Progress 24 to dock on June 23,
with a badly-needed cargo of replacement parts and fuel for Salyut 7.

June 17-24 STS 51-G--Dan Brandenstein, John Creighton, Steve Nagei, John Fabian,
Shannon Lucid, Sultan Salman Abdul Aziz Al Sa'ud (Saudi Arabia), and

' : Patrick Baudry (France) launch three satellites and conduct proximity opera-
:_ tions with Spartan 1. Discovery also participates in a Strategic Defense

' Initiative (SDI) test.

June 21.July 15 Progress 24,

.,. July 19-August 30 Cosmos 1669--This is a test flight of Progress upgraded to service Mir. It
delivers cargo to Salyut 7.

July 29-August 6 STS 5 l-F-Gordon Fullerton, Roy Bridges, Story Musgcave, Karl Henize,
•"' AnthonyEngland,LorenActon,andJohn-DavidBartoemakeupChallenger's

: crew. A main engine sensor problem during ascent forces the crew to execute
_• Abort-to-Orbit contingency procedures. The low orbit reached by the ShuRle has
. only a minor impact on Spacelab Ys astronomy-focused science program.

August 27- STS 51-I--Joe Engle, Dick Covey, Mike Lounge, James van Hoften, and
September 3 Bill Fisher make up the crew of the Space Shuttle Discovery. They rendezvous

• with the Leasat 3 satellite, stranded in low Earth orbit since its kick motor
malfunctioned after deployment on STS 51-D. Bill Fisher and James van
Hoften successfully repair the Leasat.

' September 17 Soyuz-T 14 launch--Carries Vladimir Vasyut ".,Georgi Grechko. and
Alexander Volkov to Salyut 7. Vladimir Dzhanibekov returns to Earthwith
Georgi Grechko in Soyuz-T 13 on September 26. Vasyutin, Volkov, and

" Savinykh remain on the station.

September 27 Cosmos 1686 is dtransitional vehicle between the TKS and dedicated space
: station modules. It docks at Salyut 7's front port on October 2. It is an FGB

,, with a Merkur capsule heavily modified to hoase scientific instruments.

October 3 7 STS 51-J is a dedicated Department of Defense mission. It is the first flight of
the fourth orbiter, Atlantis, and the twenty-first flight of the Shuttle program.
Its crev, was Karol Bobko, Ronald Grabc, David Hihners, Robert Stewart and

: William P_iles.

'7 "
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October 30- STS 61-A is the fi)urth Spacelab mission, and the first chartered by another
Nt_vember 6 country (West Germany). Ernst Messcrschmid and Reinhard Furrer, from West

Gern_any, Wubho Ockcls, representing the F.uropean Space Agency, and
Americans Henry llartsficld, Steve Nagel, Bonnie Dunbar, James Buchli, and
Guion Bluford make up Challenger's eight-person crew, thc largest ever to fly
into space on a single spacecraft,

November 26- STS 61-B--Brcwster Shaw, Bryan O'Connor, Sherwood Spring, Mary Cleave,
December 3 Jerry Ross, Charles Walker, and Mexican astronaut Rodolfo Neri.Vela make up

the crew of Atlantis. During EVAs, Spring and Ross conduct space structure
assembly exercises.

November 21 Soyuz.T 14 reentry--Mission commander Vladimir Vasyutin became
-': seriously ill aboard Salyut 7 in late October. On thia date Vasyutin, Volkov,

and Savinykh returnto Earth, cutting shun their mission, which had been
• planned to continue until at least January 1986. Savinykh spent 216 days in

space; the others, 65 days.

1986 January12-18 STS 61-C--Columbia makes the twenty-fourth flight of the Space Shuttle
program. Its crew is Robert Gibson, Charles Boiden, George Nelson, Stever_
Hawley, Franklin Chang-Diaz, Ruben Cenker, and Bill Nelson.

iS",

January 28 STS 51-L_At liftoff on an unusually cold Florida morning, an O.ring in the t
right solid rocket booster (SRB) of Space Shuttk =hallenger is crushed when I
SRB segments shift at main engine ignition. This is not unusual, but the
unusually low temperatures mean that the O-ring fails to reseat itself to form a j
seal against the SRB's hot exhaust gases. Flames open and rapidly expand a
hole in the O-ring seal. About 70 sec after liftoff, the booster stack_SRBs and

" external tank_begins to disintegrate. About 73 sec after iiftoff, Space Shuttle "

Challenger breaks up. Challenger lacks escape systems. Dick Scobee,Michael Smith, Judith Resnik, Ellison Onizuka, Run McNair, Christa
i: McAuliffe, and Gregory Jarvis perish. This is the last U.S. manned spaceflight /
._ until September 1988.

11

February 19 Mir launch. I

B B_

_. March 13 Soyuz-T 15 iaunch_Leonid Kizim and Vladimir Solovyov become the first
cosmonauts to board Mir on Match 15. They activate Mir's systems and
commence systems checks.

March 19.April 21 Prngress 2,$ is the first Progress vehicle to service Mir. It incorporates
improvements pioneered by Cosmos 1669.

"" April 23-June 23 Progress 26. I

,- May S-June 25 Soyuz-T lS transfer to Salyut 7--Kizim and Solovyov undock from Mir on
May 5. They dock their Soyuz T-I 5 spacecraft with the rear lyon of the Salyut

- 7-Cosmos 1686 complex on May 6. They salvage equipment from Salyut 7 for
use on Mir. They also perform two EVAs to assemble a 12-m beam. They
undock from Salyut 7 on June 25 and fly back to Mir.

May 21-30 Soyuz-TM I--First flight of the latest version of Soyuz. It den:ksunmanned
with Mir on May 23, then undocks and returns to Earth.

June 26-July 16 Soyuz-T IS transfer to Mir and reentry_Kizim and Solovytw deliver to
..... Mir equipment recovered from Salyut 7. They then mothball the station and

returnto Earth.
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• 1987 January 16- Progress 27.
February 2S

February 5 Soyuz-TM 2 launch--Yuri Romanenko and Alexander I,aveikin travel to Mir.

March 3.March 28 Progre,ls 28.

March 31 Kvant launchmTht_ Soviets launch Kvant. the first Mir space station modul_,
atop a Proton rocket. Kvant fails to dock with Mir on April 5 because of a

, docking transponder problem. On April q it achieves soft dock, but cannot
make hard dock. Laveikin and Romanenko perform an unrehearsed EVA to

'*' investigate the problem. They discover a foreign object jammed in the docking
mechanism. Kvant achieves hard dock April 12. Its FSM detaches on April 13
and undergoes uncontrolled reentry on Augu:;t25, 1988,

_:_:L.,,, April 21-May 11 Progress 29.

• May 15 Energia--The Soviets launch the first Energia rocket. It carries the unmanned
80-ton Polyus space platform, An FGB-based propulsion/service module is

• designed to complete orbital insertion and provide attitude control and orbit
. maintenance. An attitude control problem prevents the orbital insertion bum. '

_i' May 19-July 19 Progress 30.
.o

July 22 Soyuz-TM 3 launch--Alexander Viktorenko, Alexander Alexandrov, and L
, Mohammed Farts (Syria) dock at the Kvant port on July 24. Alexandrov

' remains onboard Mir, and Laveikin returns to Earth with Victorenko and Faris ,
in Soyuz-TM 2 on July 30. '

,_ August 3- Progress 31. /
September 23

September 23- Progress 32.
November 19

:_ November 20- Progress 33.
: December 19

• December 21 Soyuz.TM 4 launch--Anatoli Levchenko, Musa Manarov, and Vladimir Titov
arrive at Mir. Levchenko, a pi)ot for the Soviet space shuttle, returns to Earth
in Soyuz-TM 3 on December 29 with Alexandtov and Romanenko. Within

t. half an hour of touchdown, Levchenko t_es the controls of a Tu-154 aircraft
,,_ to test whether his flight proficiency has been hampered by spending a week in

space. Romanenko spent 326 days in space. Manatov and Titov remain on
Mir, beginning a 365-day stay in space,

1988 January 20-March 4 Progre_ 34.

March 23-May 5 Progre_ 35.

May 13-June S Progres,s 36,
L
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!

June 7 Soyuz-TM _ liu,ch -ltulg,3rian cosmonaut Alexandr Alexandrov and
Russian cosmonauts Viktor Savinykh and Anatoli Soh)vyov travel to the Mir
station, They return to Earth in Soyuz-TM 4 on June 17. leaving Soyuz-TM 5
for Mm'mrovand "itov,

JuJy 18- Progre_s 37.
August 12

August 29 Soyuz-TM 6 delivers Vladimir Lyakhov, Valeri Polyakov. and Abdul Ahad
Mohmand (Afghanistan) to the Mir station. Polyakov remain,_ on Mir with
Manaruv and Titov, while Mohmand and Lyakhov depart in Noyuz-TM 5 on
September 6. They discard the orbital module before firing the main engine, a

:_ ........ practice begun with the early flights of the Soyuz-T. This practice permits the
; spacecraft to bum more fuel for orbital maneuvers; with no orbital module to

deorbit, less fuel need be retained for the deorhit bum at the end of the mission.
Orientation sensor and software problems force them to remain aloft an extra
day in their cramped descent capsule with neither docking apparatus nor
sanitary facilities. After this the orbital module is retained until after a success-
ftti deorbit burn.

September '9- Progress 38.
November i'3

September 29- STS.26_Frederick Hauck, Richard Covey, John Lounge, George Nelson, and
Ottober 3 David Hilmers reach orbit aboard the Space Shuttle Discovery. They deploy a i

".. Tracking and Data Relay Satellite (TDRS). This is the first launch of Ameri-
ct,,n astronauts since January 1986. Return-to-flight modifications include
more stringent launch-commit criteria, SRB redesign, and escape apparatus.

November 15 Buran--The first Buran reusable space shuttle lifts off on an Energia launch ,'
" vehicle, The test flight carries no crew. Touchdown is on a runway at

- Baikonur Cosmodrome, a few km from its launch pad (figure 4-5). _)
/

,, November 26- Soyuz.TM 7 launch--Alexander Voikov, Sergei Krikalev, and Jean-Loup t
Dt_em_er 21 Ckretien (France) arrive at Mir aboard Soyuz-TM 7. The French spationaute _•

spends 25 days on Mir before returning to Earth with Manarov and Titov in ]
Soy,,_z.TM 6 on December 21. Polyakov remains behind with Volkov and
Knkalcv.

.f

' Decemt_:r 2.6 STS.2"?is a Department of Defense Space Shuttle mission. The crew of
' "' Atlanta,,:for this flight is Robert Gibson, Guy Gardner, Richard Mullane, Jerry

' Ross, and William Shepherd.

December 25- Progress39.
'i:,"" February7,1989

1989 February 10- Prognm 40.
March 5"

March 12-18 STS-29---Michael Coats, John Blaha, James D,uchli, Robert Springer. and
James Bagian are the crew of the Space Shuttle Discovery. They deploy a
TDRS.

March 16- Progress 41.

April 25
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' Figure4-5. Soyuzrocket(left),Space Shuttle(center),andEnergla-Buran(right)
(drawnto scale), Rocketscurrentlyusedto launchmannedspacecraftintoorbit,

ApHi 27 Soyuz-TM 7 reentry--Polyakov, Krikalev, and Volkov return m Earth. Mir i_
left unmanned because of delays in the arrival of expansion modules for its
lateral ports.

May 4-8 STS-30--David Walker, Ronald Grabc, Norman Thagard, Mary,Cleave, and
Mark L,ce launch the Venus-bound Magellan interplanetary probe from
Atlantis's payload hay.

August 8-13 STS-28--Brewster Shaw, Richard Richards, David I,cestma, James Adamson.
and Mark Brown ate the crew of Columbia for a Department of Defense

" mission.

J

J
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August :2.t. Progress-M 1- -Firsl flight nf an advanced Pmgres.+incorporating many
: lieeember ! Soyu;,-TM features.

: Neptember5 Soyuz-TM 8 launch -file spliecurllfi d¢lck',with Mir's _ti pin wilh l.'(iMnll..
hauls Alexiindr Sert:hrclvand Alexandr Viklilrenko ahclard.

()clilbl, r 18-2.1 STS..t4---l)oililld Williain_, Mic'liii¢l Mc('ulley, Shanlili'l I,ucill, l-lien ltliker,
and Franklin ('liang-ilial depllly lii¢ (iiiliicll lupiler IlrlthL' Il'oln Ilie ciirl!l_ hay
o['Atlantis.

Nilvelnl'ler 22-27 STSo]3--Frederick (lrcgllry, Jilhn ltlaha, Story Musgrave, Kalhfyn ']'hllnlion,

'" and Manley ('lu lel' are ihe crew id' l)iscovery lilr tlii_ Depltrtnleni tit"l)elen,_e
nli,_siou.

+ November 26 Kvant 2 launch atop a Proton rocket. It docks with Mir's frlmt port ol_
December 6, and is berthed at a lateral port on December 8,

7

December 20- Progress-M 2.
'_ February 9, 1990

1 990 January 9-20 STS.32.--Columbia recovers the LDEF, which was launched on STS 41-C in
1984. Its crew is Daniel Brandenstcin, .lames W,:_herbee,Bonnie Dunbar, G.

David Low, and Marsha lvins, j
f

February 11 Soyuz-TM 9 launch---Carries cosmonauts Anatoli Soiovyov and Alexandr '_
Balandin. They relieve Serebrov and Viktorenko, who depart in Soyuz "rM-8

; onFebruary 19, During approach, Serebrov and Viktorenko spotted damage to ,
the thermal blankets on Soyuz-TM 9. Balandin and Soiovyov make an "

unscheduled EVA to repair their spacecraft on July 17. !

• February 28- STS-36 is a Department of Defense mission using Atlantis. Its crew is John
March 4 Creighton, John Casper, David Hiimers, Richard Mullane, and Pierre Thuot.

'i, iFebruary 28- Progress.M 3.,!

i_, L April 28

" "' - April 24-29 STS-31--Loren Shriver, Charles Boldan, Steven Hawley, Brace McCandless,

;.... and Kathryn Sullivan are the crew of the Space Shuttle Discovery. They
; deploy the Hubble Space Telescope.

May S-May 27 Progre_ 42.

May 31 Kristall launch--The module docks with Mir's forward port tin June I(},and i
,, is berthed at a lateral port the following day.

August 1 Soyuz-TM 10 launch--The transport spacecraft docks with Miron August 3
carrying cosmonauts Gcnnatli Manakov and Gennadi Strekalov.

: August 9 Soyuz-TM 9 reentry--Balandin and Solovyov returntu Earth allcr al_iut O
months in space.

August 15- Progre¢_-M 4.
September ;20

: Iq<)
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()clohcr h-I0 STS.41--l{ichard l(ichards, Rtd_erl Cah.na, Jhuce Mcil|ick, William She I)
held, and 'lh()nl_!sAk_r4 ,k.i)h)y the ! lly4_e,_._olarptdarpr.hr lr¢llll
I)i'_¢OVel'y'_car_l hay,

N(wcmhcr 15.20 ,";'1',_3_ I'or Ihis I)epmlmvnt oll )t21:llst ° Illis,_il)ll, Alianlis's t'rew r_Richard
(.',wey, Frank ('ulht ,l'_,,l, ittd_vz-It '. _luin_.,t,r,q.'arlMc:adu,and ('harlc,, (Jr'mar.

Nept¢lnl_r 27- Pn)gre._,_-M._--AIIt, r undo,:ldn_ Ir(qnMir and c,,mpl¢lin_ il5 d.'olhil hmn, it
November 2N delm.hv_a I(adugit rccoverahlecap,,ule. '1hv cal)sulv, Ihe fir_l ()t its kind,

v._it's I(_)k_ of H)'tt.e_nl;tdenlal_.'rlal,_and¢Xl)erimcntresultsti()tll the Mir
'_lilli()l), P.'ogres5M 5 huln_',up ;l_,iflanncd,alld thevapsulc is recoveredm Ihe
Soviet Union,

December2..I0 Sl'S-35.=-VanccBrand0Guy (;a,'dncr, Jeffrey thdfman, Juhn la)ungt', Rotwrl
Parker, Samuel I)urrancc, and Ronald Pariscoperatea payloadol astronollly

_. instrumentsin Columbia'_ car_,_ohay.

December2 Soyuz-TM 11launch--it d()cks with Mir on December4 carryin_ cosmonaut,,
Musa Manarov andVikt¢_rAfan;_scyev,and.lupanesejoamalist Toyohiro
Akiyama. Akiyama returnst(, i.arth with Manakovand Strckahwabuard
Soyaz-TM 10on December!().

. 1991 January 14- Progress.M 6.
• March 16

February '7 Salyut 7/Cosmos 1686 rccntcrs ovcr Argcntin:,.

- _ March 19-May 7 Progress.M 7 nearly collides with Mir during two docking attempt,,, at the aft :'
port on March 21. Manarov and Afanaseyev dock manually at Mir'_ aft port
on March 26, permitting Progress-M 7 to dock at the front porl on March 28.
On April 25 they pefforn) at) EVA to repair the damaged aft rendezvous ,,,
antenna.

a

' April 5-11 STS-37--Atlantis carries the Gamma Ray Observatory into space. Its crew t
con,_ists of Steven Nagel, Kenneth Cameron, Jerry Ross, Jerome Apt. and

, Linda Godwin. Ross and Apt perform an EVA to free a stuck antenna on the
- Gamma Ray Observatory.

April 284vtay 6 S'fS-39_Michael Coats, I,. Blaine Hammond, Gregory Harbaugh, Donald
McMouaizlc, Guion Bluford, Lacy Vcach, and Richard llieb arc Discovcry'._
crew.

.. May I Progrc.x,_.M 7 deorhits and detaches a recoverable capsule carrying I15 kg of
space-made materials and experiment results from Mir. The capsule fails to |• operate correctly and is lost.

May 18 Soyuz-TM 12 launch_Thc transport docks with Mir on May 20 carrying
• Scrgei Krikalev, A_,atoli Artscharski, and British cosmonaut l lelen Sharman.

The two Soviet cosmonauts relieve Manarov and Ai'anaseyev, who return to
Earth in Soyuz-TM I I with Sharman on May 26.

May 30-August 16 Progress.M 8.

June 5-14 STS-40 is the Spacelab Life Sciences I mission. Columbia carries Bryan
O'Connor, Sidney Gutierrez, M. Rhea Seddon, Jame._Bagian. Tamara
Jemigan, F. Drew Gaffney, and Millie Hughes. Fulh)rd into space.
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August 2 11 STS-43-Jidm ttlaha, Mid_ael Baker, ,%hann.nl.ucid, t;, David I..w, alld
Janle,_C. Adams()r=are thecrew .f Atlanti',.

August 21)- Pmgr_-M 9. I}qfloy,; a rvcoverahle capsule, whid_ i_ _uvcv_sfully rec.ver_d,
NrlJlemlwr 3()

September 12-18 ST.',;-414John ('reight.n. Kenn¢lh Reighller. Jamesliuehli. Mark Ilrt_wn, and
('lmrles (iemar arefile crew t_l' I)isct)very. They deph)y Iht' [ ]plx'r Almw,phrrL'
ResearchSalellile.

i:' October 2 Suyuz-TM 13 launch, RussiancosnlOlmulAlexandr V_tlkov,Katakh ¢osmtv.
haul 'l'¢)klarAubakirov..'llid AustrianCOSlll(lllagli:rant Viehl_mck leavel'_arth
for Mir Auhakir,)v, Viehl_oeek,andAnaloli Art_uharski return to l._arthon
October I0 in Noyuz-'l'M ! 2, leaving Soyuz TM- I3, Volkov, and Sergei
Krikalev at the Mir station,

,, October 17. Prugress.M 10. Deploys a recoverable capsule.
January 20, 1992

November 24- STS-44_Frederiek Gregory, Terrence ttenricks, Story Musgrave, Mario
December ! Runco, lames ross, and Thomas Hennen peribrm unclassified Department of

Defense experiments aboard Atlantis.

........................................................................................ t
lq92 Janu;a'y 22-30 STS-42_Discovery carries International Microgravity l.aboratory !, Its crew

is Ronald Grabe, Stephen Oswald, David Hilmers, Norman Thagard0 William
_.i ................. Readdg..UIf Merbold, and Robena Bondar.

TP r January 2S- Progress.M 11.
March 13

.. /
: March 17 Soyuz-TM 14 launch_Alexandr Viktomnko, Alexandr Kaleri, and Klaus-

Dietrich Flade (Germany) leave Kazakh territory for Mir (Russian territory).
!" Flade returns to Earth in Soyuz TM-13 with Krikalev and Volkov on March
: 25. Krikalev spent 31 i days on Mir.

March 24-April 2 STS-45---Charles Bolden, Brian Duffy, Kathryn Sullivan. David Leestma, C,
Michael Foale, Dirk Frimout, and Byron Liehtenberg operate the Atmospheric
Laboratory for Applications and Science (ATLAS) I payload in Atlantis's
payload bay.

_ ,. April 19-June 27 Progress-M 12.

.... May 7-16 STS-49 is the first flight of the Shuttle Endeavour. It._crew is Daniel I
: Brandenstein, Kevin Chilton, Pierre Thuot, Kathryn Thornton, Richard tlieb,
: Thomas Akers, and Bruce Melnick. Thuot, tlieb. Thornton. and Akers perform
! a series of tour EVAs to test space station assembly methods and to capture
: and repair the tntelsat V! satellite.

June 25-July 9 STS-50--Columbia carries U.S. Miemgravity Laboratory I. Its crew is
• Richard Richards, Kcnncth Bowersox, Bonnie Dunbar.EIIcn Baker, Carl

Meade, l,awrence l)el,ueas, and Eugene Trinh.

! June 30-July 24 Progre_.M 13.
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July 27 Soyuz-TM 15 launch--Docks with Mir on July 29 carrying cosmonauts
Anatoli Solovyov, Sergei Avdeyev, and Michel Tognini (France). Tognini
returns to Earth with Viktorenko and Kaleri on August I0 in Soyuz-TM 14.
Their E,uth-landing system malfunctions, so the capsule lands hard and comes
to rest upside down, trapping the crew until it can be turned over.

July 31-August 8 STS-46--Atl_ntis deploys the Italian-built Tethered Satellite System and
ESA's EURECA experiment carrieron the STS-46 mission. Claude Nicollicr
(ESA), France Malerbo (Italy), Marsha lvins, Franklin Chang-Diaz, t,oren
Shriver, Andrew Alien, and Jeffrey Hoffman are its crew.

::. At:gust IS- Progress,M 14 carries in its modified tankage compartment the VDU
: .. October 20 thruster package, to be mounted at the end of the Sofora truss assembled in

July 1991 by Klikalev and Artsebarski. Progress.M 14's Raduga capsule is
recovered on October 20.

:: September 12-20 STS-47BEndeavour carries Spacelab-J into orbit. Mamoru Mohri (Japan),
:_ Mac Jemison, N. Jan Davis, Jerome Apt, Mark Lee, Curtis Brown, and Robert

___ Gibson are its crew. This is the fiftieth Space Shuttle mission.

October 22- STS-52--Lacy Veach, James Wetherbee, Steven MaeLean (Canada), Michael
November 1 Baker, Tamara Jernigan, and Wiili_a'nShepherd ate the crew of Columbia.

i They deploy the LAGEOS 2 satellite atop an Italian Research Interim Stagei,."

:, and operate the Canadian Experiments (CANEX) 2 package.

2_i" October 27- Progress.M 15. On February 4, 1993, the spacecraft backs away from Mir
F-ebram:y 7, 1993 and deploys Znamya, a 20-m solar mirror, from its orbital module. The test

.... . lasts about 5 hr.

'&

December 2-9 STS-53 is the last largely Department of Defense-dedicated mission. David -_
Walker, Robert Cabana, Guion Bluford, James Voss, and Michael Richard t

Clifford are its crew. /_

-- 1993 January 13-19 STS-54--John Casper, Donald McMonagle, Marie Runco, Gregory Harbaugh,
and Susan Helms deploy a TDRS from Endeavour.

:" d

_,. January 24 Soyuz-TM 16 launeh_Docks with the APAS-89 androgynous port on Mir's !
Kristali module to test it in preparation for U.S. Shuttle (and possible Buran

:i shuttle) visits to Mir. Its crew is Gennadi Manakov and Alexandr Poleshchuk. _'J
They replace Solovyov and Avdeyev, who return to Earth in Soyuz.TM 15 on
February 1.

February 21- Pt'ogress.M 16.
March 27 i

'i
March 31 Progress.M 17 launch. Docks at Kvant port on April 2. Frogress-M 17 is '

earmarkcd for a long-duration orbital experiment. See September 13, 1993
entry.

April 8-17 STS-56---Ellcn Ochoa, Steve Oswald, Kenneth Camcron, Michacl Foalc, and
: Kenneth Cockrcll rcicase end rctrievc the SPARTAN 201 free-flying payload.

and operate the ATLAS 2 package in Discovery's payload bay.
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April 26-May 6 STS-55 is the Spaeelab D2 mission. Columbia's crew comprises German
astronauts Ulrich Walter and ltans Schlegel, and U.S. astronauts Tcrrence
Henricks, Jerry Ross, Steve Nagel, Bernard Harris, and Charles Prccourt.

May 22-Jul., 4 Progress-M 18. Its Raduga capsule is successfully rccovcred.

June 2 l-July i STS-57--Endeavour carries the first commercial Spacchab module. Its crew is
Ron Grabe, Brian Duffy, David Low, Janice Voss, Nancy Sherlock, and Jerry
Wisoff.

July I Soyuz-TM 17 launch--Alexandr Serebrov, Vasili Tsibliyev, and Jean-Pierre
Haignere (France) arrive at Mir on July 3. Tsibliyev and Serebrov spell
Poleshchuk and Manakov, who return to Earth with Hagniere in Soyuz-TM 16
on July 22.

August 10- Progress.M 19---Carries a Raduga capsule.
October 13

September 12-22 STS-51--Discovery deploys the Advanced Communication Technology
Satellite. Its crew is Frank Culbertson, William Readdy, James Newman,

.. Daniel Bursch, Carl Walz.

September 13 Progress-M 17 undocks---The spacecraft moves to a storage orbit 10 km
below Mir.

: October 11- Progress-M 20--Carries a Raduga capsule.
November 21

_. October 18- STS-58 is the Spacelab Life Sciences 2 mission. Columbia's crew is John

• - November 1 Blaha, M. Rhea Seddon, Shannon Lucid, Rick Searfoss, Bill MacArthur, David
Wolf, and Martin Fettman.

' December 2-12 STS-61----Space Shuttle Endeavour makes rendezvous with the Hubble Space :

- Telescope. Through a series of five space walks, astronauts Story Musgrave, _iJeffrey Hoffman, Kathryn Thornton, and Tom Alters repair Hubble. Crew
members also include Claude Nieoilier (ESA), Richard Covey, and Kenneth
Bowersox. STS-61 is the fifty-ninth flight of the Space Shuttle program.

,: '1994 January 8 Soyuz.TM 18 launchwYuri Usaehyov, Viktor Afanaseyev, and Valeri
• Polyakov dock with Mir on January10. Usachyov and Afanaseyev replace i
'- Serebt_3vand Tsibliyev, who undock in Soyuz-TM 17 on January 14. They fly

around Mir and inspect a NASA JSC-built rendezvous and docking target j
' installed on Kristall in anticipation of Shuttle visits to Mir. Soyuz-TM 17 !

accidentally strikes Kristail, causing no apparent damage. Usachyov and
Afanaseyev were replaced aboard Mir by the Soyuz-TM 18 crew in July 1994. i
Polyakov, a medical doctor, is to live aboard Mir for 14 me.

January 28- Progress-M 21.
March 23

Februa_. 3-11 STS.60_N. Jan Davis, Charles Bolden, Ken Reightler, Franklin Chang-Diaz,
Ron Sega, and Sergei Krikalev (Russia) are the crew of the first joint U.S..
Russian piloted mission. Krikalev is thefirst Russian since 1965 to reach
space in a vehicle other than a Soyuz. Discovery carries Spacehab 2 and the
Wake Shield Facili_..
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March 3 Progress-M 17, in orbit since April 1993, reenters over South America.

March 4-18 STS-62- John Casper, Andrew Allen, Pierre Thuot, Charles Gemar, and
Marsha lvins are the crew of Columbia, which carries the second U.S.
Microgravity Payload.

. : March 22-May 23 Progre_s.M 22,

", April 9-20 STS-59--Endeavour carries the first Space Radar Laboratory. Its crew
-- comprises Sidney Gutierrez, Kevin Chilton, Linda Godwin, Jay Apt, Michael

Clifford, and Thomas Jones.

May 22-July 2 Progress.M 23--Deploys a Raduga capsule.

July 1 Soyuz-TM 19 launch--Docks with Mir on July 3 carrying rookies Yuri
! Maienchenko and Talgat Musabayev. Supplies and repair parts for the station

fill its third seat.

' ' July 8-23 STS-65--Space Shuttle Columbia carries the International Microgravity
Laboratory-2 payload. Commander Robert Cabana speaks with the Russian
cosmonauts on Mir by radio. Other crew members are James Halsell, Richard• .r.

Hieb, Carl Waiz, Leroy Chiao, Donald Thomas, and Chiaki Naito-Mukai
(Japan).

: ' July 9 Soyuz-TM 18 ianding--Usachyov and Afanaseyev return to Earth, leaving
. Polyakov aboard with Malenchenko and Musabayev.

/
_ August 25. Progr---_-_s.M24, Malenchenko docks the cargo ship by remote control from a
: October 4 control post inside Mir after two failed automatic approaches. During the
i: second approach, on August 30, the spacecraft struck Mir's for_vard docking
. port 2-4 times. No damage was discovered during a September 9 EVA.

' September 9-20 STS-64---Richard Richards, L. Blaine Hammond, Jerry Linenger, Susan
Helms, Carl Meade, and Mark Lee are Discovery's crew. They deploy and
retrieve the Spartan 201 satellite and use lasers to study Earth's environment.
Lee and Meade conduct a 6 hr, 51 rain spacewalk to test SAFER, a self-rescue

_' maneuvering unit.

September 30- STS-68---Endeavour, on the 65th flight of the Shuttle program, carries aloft the
October I 1, 1994 second Space Radar Laboratory. Michael Baker, Terrencc Wilcutt, Steven

Smith, Thomas Jones, Daniel Bursch, and Jeff Wisoff are its crew.

October 3 Soyuz-TM 20 launch, Docking takes place early on October 6. The space-
craft carries four-time Mir visitor Aiexandr Viktorenko, rookie Yelena
Kondakova, and ESA cosmonaut Ulf Merbold. Kondnkova is the third
Russian woman in space, and the first scheduled for a lottg-duration flight.
Merbold, a veteran of two Space Shuttle flights, is the fi_st non-Russian/non-
American to fly on both U.S. and Russian craft.
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.,. November 4 Soyuz-TM 19 landing. Malenchenko, Musabayev, and Merbold land un-
eventfully in northern Kazakhstan 3.5 hours after scparaling from the Mir
station.

November 11- Progress.M 2S. Docking at the aft port on November 13 occurred without
incident.

i.

J
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Index

A attitude control systems (contim, ed)
on Kvant 2 165

Aktiv docking unit. See docking systems: Akiiv on Mir 106, 119, 123, 131,137

Almaz (seealso military space stations) on Original Soyuz 157, 168-169, 187
hardware adaptation to Salyut 69, 71 on Salyut I 67
history 63-65 on Salyut 6 75, 79, 81, 84-85
missions 177-178 on Salyut 7 91,100, 185

: in station evolu_:ion !, 62, i 54-156 on Soyuz 1 10
'_ system tests 70 on SoyuzFerry 24-25

. AImaz l 64, 65, 68, 177 on Soyuz-T 47,50
•: Almaz i V sateUit¢ 65 on space station modules 155

on TKS vehicles 159
Aimaz2 64,65,68,73, 177, 178 onZond4 14
Almaz 3 64,73, 178

: Almaz 4 64
" Altair/SR satellites n

• description 105 berthing ports 76, 103, 105, 165
: illustration 106: BTSVK computer 47

: missions i08, !09, 113, 115, 118, 121,133, 139 Buran shuttle
androgynous peripheral assembly system (APAS). See crews 51, 54, 98

• docking systems: APAS-75, APAS-89 flights 115, i 88, 193
_: Antares mission 136 hardware adapted to Polyus 168 1

m APAS. See docking systems: APAS-75; APAS-89 illustration 189 t
Apollo program (U.S.) (see also Apollo Eoyuz Test and Mir 107, 167 i

: Project) and Salyut 7 161
command and service module (CSM) 5, 6, 16, 172, t

":_ 173, 176, 177

illustration 176 C
. lunar module (L.M) 19, 21,172 circumlunar flight 3, 4, 5, 12, 63, 155, 173, 175 fsee ]

illustration 175 also lunar programs)
_, missions 172, 173, 175-178 Cosmos 1_ If} 171

.... ' Apollo Soyuz Test:Project (ASTP) (see also ASTP i• " Soyuz) Cosmos 140 10, 172 !background 6, 65 Cosmos 146 14, 172
mission 28, 34-35, 177-178 Cosmos 154 14, 172

":_ and Soyuz 18 '72 Cosmos 186 10-11,172

:. approach systems. See Igla system; Kurs system Cosmos 188 I0-11,172

April 5 anomaly 27, 72, 178 Cosmos 212 10, 172

Aragatz mission 116, 117 Cosmos 213 11,172

Argon 16B compur.er 41, 49, 106, 120, 123, 164 Cosmos 238 11,172

ASTP mission. ,_'eeApollo Soyuz Test Pr_,ject: mission Cosmos 379 21,175

ASTP Soyuz 6-7+ 33-35, 72, 177-178 Cosmos 398 21,175
astronomical instruments 55, 163 (see also tele- Cosmos 434 21-22, 176

.... scopes) Cosmos 496 26,176
ASPG.M platform 164-165
astrophysical instruments 67, 72, 90, i 11, ! 12, 119, Cosmos 557 64, 68, 117

167 Cosmos 573 26, 177

• cosmic ray detectors 88, 131 Cosmos 613 26, 177
_amma ray detector 163 Cosmos638 33-34, 177

R_¢nlgcn Observ_ttory 112, 115, 163 Cosmos 672 33-34, 177
star sensors 72, 121,163

Cosmos 782 37
attilude control systems (see also orientation systems)

on DOS-3 68 Cosmos 997-998 159
on Kristall 125-126, 167 Cosmos 1001 48, 179
on Kvant 120, 162-163 Cosmos Ii00-1101 159
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Cosmos 1074 48, 180 Earth observations 67, 79, 80, 84, !11, 116

Cosmos 1267 76, ,q9, 151,157, 159, 181,182 Elektron water electrolysis system I1I, 163, 164

Cosmos 1443 39, 90, 94-!)5, 155, 157,160, 183 emergcncy drills 94, 112
Cosmos 1669 7, 36, 40, 100, 123, 185, i 86 endurance records 12, 29, 117, 175, 179

Cosmos 1686 90, 101-102, 107, 157, 160, 161,185, Energiarockct
186, 191 and Buran shuttle 188, 189

Cosmos 1700 108, 109 illustrations 169, 189
Cosmos 1870 65 and Polyu:; 157, 168, 169, 183, 187

Cosmos 1897 i13, !15, 118, 121,133 engines. See propulsion systems

Cosmos 2054 121,133, 139 ERA platform 117, 121

i crew code names, explanation of 7 ESA. See European Space Agency
i (see also individual code names in Mission Description Euromir program. See experiments: Euromir

and Principal Expedition text subsections) European Space Agency (ESA) 59, 113, 117, 147-148,

i 163, 195
D EVA. See extravehicular activity

experiments (see also Earth observation instruments;
• • D-module (Kvant 2) 118, 164 astronomical instruments; and telescopes)

' Delta navigation system 71, 77 Enchantillon._ experiment rack 117, 121

•- Diagramma program 118, 128, 133 engineering 11, 72-74 iEuromir 46, 59, 147-148
"i Diusa pressure measurement device 94 Gologramma imaging apparatus 88

docking systems lllyuminator 88
Aktiv 16-18, 21 life sciences 72,78-80, 84-85,97, 130

_' APAS-75 6, 33-35, 58, 177 Aynur biological crystal growth 113
APAS-89 58, 105, 138, 167, 193 Fiton plant growth 93
evolution of 5, 63-66 Mikroklimat 87

: Kontakt 16, 18-19, 21 Oazis plant growth 27, 67, 71, 87, 93
on L2 (lunar orbit module) !7-18 quail cages 126, 164
on L3 (lunar lander) 21 Svetobiok 87
on Mir 103, 105 materials processing furnaces 111,167 _<
onC_ginal Soyuz 3,9, 11 CSK-1 147-149Kristall 73, 80, 86-87, 101 |

, pin and cone 69 Splay-01 79, 86-87
probe and drogue 9, 17, 21-23, 35, 37, 49, 76 semiconductor production 122, 128

' on Progress 37 superconductor pzodu_tiun 130 /

on Progress-M 44 space construction 92-93, 102 t
on Salyut-I type Soyuz 6, 22-23 space exposure 92, 117, 121 !on Salyut stations 69-71, 73, 75-77, 90 URI multipurpo,< tool 98
on Soyuz Ferry 24

extravehicular activity (EVA)
DOS (Long-Duration Orbital Stations) 1, 69, 105-196, in crew transfer 11, 16, 18

107 first in history (Voskhod 2) 171
DOS- 1 63, 66, 71, 156, 175 hatches for egress/ingress
DOS-2 64, 68, 176 on Kvant 2 125, 127, 146, 164
DOS-3 64, 68, 177 on Salyut 1 67

DOS-4 64, 70, 178 on Salyut 3 69

DOS-5 74, 179 on Kvantdocking unit repair 11 !, 187
DOS-6 90 experiments instaUation 134 {
DOS-7 62, 103 Rapana girder work 142 ,

Sofora girder work 131, 134, !47, 163 .i
solar array work 128, 147. 162

E VDU installation 137
X-ray telescope repair i 15- I 16

Earth observation instruments Kvant 2 gyrodyne installation i36
Agat camera 69, 73 on Mir
ECOR-A radar 65 exterior inspections 142, 146
KATE multispectral cameras 71 French experiments work 117, 121
MKF multispectrai cameras 35, 164 Kurs antenna work 129, 131. 191
Priroda-5 cameras 127, 164, 167 solar array work i11,114, 140, 14f_

Spektru atmospheric analyzer 71 Strela boom work 128, 140
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extravehicular activity (continued) lntercosmos program (see also international cosmo-
Mir (continued) nauts)

system tests 121 planning 65-66
thermal bhmkct repair 146 Soyuz 28 (first flight) 30, 78, 179
TREK installalion 131 Soyuz 30 79

• • YMK operations 118 St)yuz 33 81
on Salyut 6 Soyuz 36 32

KRT-10 removal 83 Sotuz 39 88
material sample removal 8{) Soyuz-TM 6 116
port inspection 77

on Salyut 7 72 international cosmonauts (see also U.S.-Soviet coopera-
: propulsion system repair 97-100 tion)
• solar array augmentation 96 Afghan 55, 116, 188

:,/':_ space construction experiments 92-93, 102 Austrian 57, 132, 192
!

: on Soyuz-TM 9 thermal blanket repair 56, 125, 190 British 57, 130, 191
Bulgarian

..... on Soyuz-TM 4 and 5 54-55, 115, 188
• F on Soyuz 33 31, 81,180

Cuban 32, 86, 181
Ferry, Soyuz. See Soyuz Ferry Czechoslovakian 30, 78, 179

: FGB (Functional Cargo Block) East German 30, 80, 179
!. and Cosmos 929 179 French
.. andCosmos 1267 76,89. 181 Aragatzmission 116-117
' and Cosmos 1443 95, 183 Antares mission 136

and Cosmos 1686 185 on Salyut 7 89, 92, 182
description 155-1'_6 on Soyuz-T 6 49, 182

' and Energia rocket 187 onSoyuz-TM6and7 55, 116-117, 188
andFSM 110, 157, 167 on Soyuz-TM 14 57
illustration 155 on Soyuz-TM 15, 16, and 17 58, 136, 193, 194

and Polyus 168 German 57, 135, 192
: andTKS 158-159 Hungarian 32,84, 180
:" Indian 51, 97, 184
• Flight Control Center (U.S.S.R.). See TsUP Japanese 56,57, 127, 191

flying armchair. See YMK Kazak 57, 59, 133
_. FSM(Funetional Service Module) 110, !11,157, 162, Mongolian 32,88, 181
,, 167, 187 Polish 30, 79, 139, 179 1

Romanian 32, 88, 181

G Syrian 54, 112, 187 ,
: Vietnamese 32, 85, 181

Gamma astrophysical research satellite 7, 42, 157 lskra communications satellites 91, 94

Gemini spacecraft (U.S.) 5, 12, 171

gyrodynes K
on Kristall !67

on Kvant 11I, 120, 123, 133-134, 162-163 Kaskad orientation/navigation system. See orientation
on Kvant 2 133, 136, 139, 165 systems: Kaskad

on Salyut 1 67 KDU propulsion system. See propulsion systems: KDU

_-, Kontakt docking system. See docking systems: Kont_t l
w Kristail

description 166-167
Igla system illustrations 124, 144, 166

on Kvant 106, 1IO, 162 with Lyappa arm 164
onMir 41,110 in Mir complex 1,105, 118, 121,123, 126,148
onSalyut 6 75 docking 124, 157, 190
onSoyuz 15 27 solar arrays 128, 140, 146-147, 162
on Soyuz 33 31 with So/uz-TM 16 and 17 58-59, 143, 193-194
,m Soyuz Ferrry 6, 24-25 specifications 166
on Soyuz-T 7, 47 Kristall furnace. See materials processing furnaces,
on Soyuz-T 8 93 Kristall

on Soyuz-T 15 108 Kurs system
Integrated Propulsion System. See propulsion systems: on Kristali i 37
ODU on Kvant I06,129, 131,162
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Kurs system (continued) I.yappa arm 105, 120, 164, 165
on Kvant 2 120, 121,164
on Mir 148
on Progrcss-M 44, 46 M
on Soyu_-TM 7, 53, 56, 59 MAK-I satellite 131

Kvant materials processing fu,'n_ccs. See experiments: material:,
astrophysical instruments I12 1!5, 119, 12I. 134 processing furnaces

description 162-163 Merkurcapsulc 155, 167. 169 (seealsoTKS)
gyrodyncs 133. 162 with' Cosmos'' ' satelhtcs'' , 89.95. 157, 159, 160, 161,
illustrations 124, 144. 162 178-181,183, 185
Kursantenna 129. 131,162 illustrations 156, 158

launch 187 meteoroid damage 67.84. 88, 133. 137. 142
' in Mir complex i.7, 105-107, ii0-149, 162-163i

docking 7, 105, ! I0-111,157 micrometeoroid protection 67, 7 I, 83, 90, 93
-. Progress dockings 40, 137, t93 military space stations

Rapana girder assembly 142 Almaz as 5, 42, 63
solar arrays 11I, 140, 147 Salyuts as 68-70, 73
specifications 162 Mir

Kvant 2 base block 1,40
: as D-module 118, 164 description 105-107

. description 164 50,000th orbit 149
: EVAhatch 125, 127, 131,134, 136 illustrations 103, 110, 120, 124, 144
: ' specifications 104

/ . gyrodynes 133, 136, 139 complex 1
/ illustrations 124, 144 illustration 104

_. launch 118, 119, 190 specifications 105
_i with Lyappaarm 120, 165 launch 107, 186

in Mircomplex 1,66, 195-107, 121-149 missions 107-149

docking 120, 157 in space station evolution 62, 66, 154
• :: solar arrays 163, 164

..... specifications 162
Kvant 3 166 N

N-I rocket 5, 6, 13, 63, 67
L illustrations 16, 17, 174 /

, in lunar programs 5-6, 13-22, 63, 173, 175, i 77

• LI Soyuz 3-4 navigation• See Delta navigation system; orientation
, L I (Zond) spacecraft 5 systems; and attitude control systems
• description 13
: illustration 12

missions 14-15, 172, 173, 175 O

specifications 13 ODU propulsion system. See propulsion systems: ODU
:: " L2 (lunar orbit module) 5, 13 orbital debris impacts 84, 95, 106, ! 14, 133, 137

description 17-18 orientation systems
: " illustrations 16, 17. 176 Kaskad system 71, 75, 79, 85

missions 18-20. 175, 177 on Mir 41,130, 143
.... specifications 17 on Original Soyuz 3

L3 (lunar lander) 5, 13 on Salyut 6 75, 79, 88
: description 20 SCUD system 25, 75

illustrations 16, 17, 19 175 on Soyuz I 10
missions 21-22, 176 on SoyuzFerry 24-25
specifications 20-21 Original Soyuz 3, 5, 8-13, 171,172

life sciences experiments. See experiments: life sciences description 3, 8-9

LRS. See lunar rocket system illustrations 8-9
:, and lunarprogram 5

lunar mission profile (illustration) 16 specifications 9
.... lunar modules. See LI (Zond); L2 (hmar orbit m,dule); nissions 10-12, 171-172

L3 (lunar lander); and Apollo program (U.S.): lunar Orlan-DMA spacesuits i 21, 134, 164' module

lunar programs (U.S.S.R.) 2-5,8, 11,68, 155

lunar rocket system (LRS) 16, i'7, 20
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p Pl'(}gre,_s-MI 44, 119, 190

pad ahort 50,51, _51, 183 Pr_gress-M 2 44, 121,123, 190

Polyot i and 2 5 Progrt',s,_-M 3 44, 123, 190

Prih_y water regeneration system 69, 71 Progress-M 4 44, 126, 191)
Priroda module 105 Pr.gress-M 5 44, 127, 191

Priroda-5 cameras, See Earth observation in:;lrumenls: Progress-M 6 44, 128, 191
Priroda-5 cameras Prt)gress-M 7 44 129, 152, 191

Progress 2, 6-7, 36-42 Progress-M 8 44 131,191

Progress I 36,38.78, 179 Progress-M9 45 132. 192

Progress 2 38,79-80, 179 Progress-M 10 45, 133, 192

Progress3 38, 80, 179 Progress-M II 45, 134, 192

i Progress4 38, 80, 179 Prc.gress-M 12 45, 135, 192

Progress 5 38, 81,180 Progress-M 13 45, 136, 192

Progress6 38,82, 180 Progress-M 14 45, 137, 193
-_ Progress7 38,82, 180 Progress-M 15 45, 137, 138, 139, 146, t93

Progress 8 38, 83-84, 180 Progress-M 16 45, 139, 146, 193

' Progress9 38,84, 180 Progress-M 17 45, 140-141,193, 194, 195

. Progress 10 38, 85, 180 Progress-M 18 45, 140, 194

' Progress 11 39, 86-87, 181 Progress-M 19 45, 142, 194

Progress 12 39, 87-88, 181 Progress-M 20 46, 142, 194

' Progress 13 39,91,181 Progress-M 21 46, 143, 194
Progress 14 39, 92, 182 Progress-M 22 46, 145, 195 j

Progress 15 39, 93-94, 183 propulsion systems (see also attitude control systems) !.... on Cosmos 929 179
Progress 16 39, 94, 100 on Cosmos 1443 94

, Progress 17 39, 95, 183 on FGB 155, 157 _,
Progress 18 39, 96, 183 KDU propulsion system i 3, 48, 67

Progress 19 39,97, 184 on LI Soyuz 4
Progress 20 39, 97, 184 on L1 (Zond) 13
Progress 21 39, 98, 184 on L2 (lunar orbit module) 17 /

: on L3 (lunar lander) 20-21 /

Progress 22 39. 98. 184 ODU propulsion system 75, _1, i 11 i" Progress 23 39, 99, 184 on Original Soyuz 3 t:. Progress 24 39, 100, 185 on Polyus 168
:._. Progress 25 36, 40, 43, 108, 186 on Progress 37-38

Progress 26 40, 108-109, 186 on Salyut 1 64, 67

: Progress 27 40, 109, 187 on Salyut 3 69• on Salyut 4 71
Progress 28 40-41,110-111,187 on Salyut 6 74-75, 81 i
Progress 29 40, 1i I, 187 on Salyut 7 39, 75, 97-99 i

,_ Progress 30 40, 111, 187 on Soy,iz Ferry 25 IProgress 31 40, 112, 187 on Soyuz-T 47

Progress 32 40, !!3, 187 onTKS 158

Progress 33 40, 113, 187 Proton rocket iandAIm_ 6_-65, 155
Progress34 41,82, 114, 187 andFSM 167
Progress 35 41,114, 187 illustrations 13, 64

,- Progress36 41,114, 18; Kvantlaunches 187, 190

Progress 37 41,115, 188 in lunar programs 5, 13-15, 17, 172-173

Progress38 41,115-116, 188 andMir 104, 187, 190
and Salyut 66, 68.70, 73, 75, 90, 175, 181

Progress 39 41,117, 188 andTKS 156, 158, 169, 178, 17q. 181,183
: Progress40 40,41, il8, 188

Progress 41 41, 118, i 88

• Progress 42 41, 123, 190 R

Progress-M 1,2,43-4_ Radugacapsule 43-46, 127, 133, 191,193..195
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